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Equivalent 





angstrom 10-19 meter 
annum, year 
billion electron volts GeV 
i 3.7 X10" dps 
centimeter(s) 0.394 inch 
counts per minute 
disintegrations per minute 
disintegrations per second ° 
electron volt 1.6 X10~” ergs 
gram(s) 
giga electron volts 1.6 X107? ergs 
kilogram (s) 1,000 g =2.205 lb. 
square kilometer(s) 
kilovolt peak 
cubic meter(s) 
milliampere(s) 
millicuries per square mile_.-__| 0.386 nCi/m? (mCi/km?”) 
million (mega) electron volts_.| 1.6 X10~* ergs 
milligram (s) 
square mile(s) 
milliliter(s) 
millimeter(s) 
nanocuries per square meter__.| 2.59 mCi/mi? 
picocurie(s) 10-2 curie =2.22 dpm 
roentgen 
unit of absorbed radiation 
dose 








100 ergs/g 
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field of radiological health. The 
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sibility within the Executive 
Branch for the collation, analysis, 
and interpretation of data on en- 
vironmental radiation levels such 
as natural background, radiogra- REPORTS 
phy, medical and industrial uses of 


isotopes and X rays, and fallout. Tritium in Streams in the United States, 1961-1968 _ _ _ 
The Department delegated this 


responsibility to the Bureau of Ra- T. A. Wyerman, R. K. Farnsworth, and 
diological Health, Public Health G. L. Stewart 
Service. 

Radiological Health Data and 
Reports, a monthly publication of Natural Environmental Radioactivity in South Florida 


the Public Health Service, includes Sands and Soils, February—June 1968 _- 
data and reports provided to the 


Bureau of Radiological Health by Douglas A. Keefer and Maxwell Dauer 
Federal agencies, State health de- 
partments, universities, and foreign 
governmental agencies. Pertinent 
original data and interpretive man- 
uscripts are invited from investi- 
gators. DATA 
The Federal agencies listed below 
appoint their representatives to a SECTION I. MILK AND FOOD.__._. 
Board of Editorial Advisors. Mem- 
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publications policy; secure appro- 
priate data and manuscripts from 
their agencies; and review those Kansas Milk Network, January—December 1969_ - 
contents which relate to the special 
functions of their agencies. 
Department of Defense 
Department of the Interior 
Department of Agriculture 
Department of Commerce SECTION II. WATER 
Department of Health, Education, 
Prot wnrvd Glematedien oo + ng ga Surface Waters, January- 
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Tritium in Streams in the United States, 1961-1968 


T. A. Wyerman,' R. K. Farnsworth,? and G. L. Stewart* 


As part of its program of water resources investigations, the U.S. Geological 
Survey has been analyzing the tritium content of stream water since the early 
1960’s. The results of this sampling program for 20 streams in the conterminous 
United States and Alaska are tabulated along with relevant stream discharge 
data. The data show the effect on stream tritium concentration caused prin- 
cipally by thermonuclear detonations, and also seasonal, latitudinal, and con- 


tinental effects. 


Before the first thermonuclear device was 
tested in 1952, tritium was very scarce in natural 
waters (1-4). Natural tritium is largely created 
by the bombardment of nitrogen in the upper 
atmosphere by nuclear particles in cosmic radia- 
tion. Subsequent oxidation of the tritium (T) 
leads to the tritiated water molecule (HTO) 
which eventually reaches the earth’s surface in 
precipitation. 

Because the rate of production of natural tri- 
tium in the atmosphere is believed to be relatively 
constant and the tritium decay rate of 5.5 percent 
(5) per year is constant, a worldwide equilibrium 
in tritium in the hydrologic cycle was in effect 
prior to 1952. Before hydrologic studies were set 
up to measure and utilize the distribution of 
natural tritium in the hydrologic cycle, the de- 
tonation of thermonuclear devices yielded large 
quantities of artificial tritium to the atmosphere 
and upset the equilibrium. Consequently, the 
hope for the hydrologic use of tritium shifted 


1 Mr. Wyerman is a hydrologist, Water Resources Divi- 
sion, U.S. Geological Survey. 

2? Mr. Farnsworth is a research hydrologist, Office of 
Hydrology, Environmental Sciences Services Administra- 
tion, Silver Spring, 

3 Dr. Stewart is an assistant professor, College of Agricul- 
ture, University of Massachusetts, Amherst, Mass. 
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from a hydrologic cycle generally in equilibrium 
with natural tritium to one thrown out of equili- 
brium by large irregular input pulses of artificial 
tritium. 

At the earth’s surface, precipitation generally 
gives the first indication of artificial tritium input 
to the hydrologic cycle by thermonuclear ex- 
plosions. There has been an irregular rise and 
fall in tritium concentration in precipitation due 
directly to thermonuclear explosions, especially 
in the Northern Hemisphere. For instance, at 
Chicago, the tritium concentration in precipita- 
tion increased from about 32 pCi/liter‘ before 
1954, to a maximum of approximately 12,800 
pCi/liter in 1963, and then declined to about 
320 pCi/liter in 1968. Superimposed on this 
long-term rise and fall in tritium concentra- 
tion are short seasonal and annual variations 
and latitude and continental effects (6-7). The 
effects of these variations of tritium in pre- 
cipitation upon the tritium concentration of 
streams in the United States during 1961- 
1968 are the basis for this report. 


‘One picocurie per liter equals 2.22 disintegrations per 
minute per liter and 0.3083 tritium units. One tritium unit 
is one tritium atom in 10" hydrogen atoms. 


421 








$9181C pau [eIUsUT}UOD UI SUOT} BIO] BUT]dweEs UNI WIBAIIG «= *T ound1g 





HVLN‘ODSID YWIN OGVYOI10)* "V14d ‘JZHDOOHVILVHD LV VIODIHOVIVdY" oimee-dba(e-ibeiie 56 tole aie 
VXSVITV ‘AGNY LY NOXNA’ "x21 ‘SNEWNIOD LV CAVYO105° *v¥14‘338OHD3IINO YVIN J3IWWISSIN' ! ! ! 
"vO ‘OA1D YVIN HYNNVAVS* "¥1‘ONI1N1 LV IddISSISSIW’ "D"°N ‘OY¥OGIDNVA YW3N 3SNIN* 
*4ITVD‘OLNIWVYDVS LY OLNIWVYDVS* “wu ‘N2YNG NVA LY SYSNVXUY’ "GW ‘SXDO¥-4JO-LNIOd LV DVWO1Od" ee PR ay ewes © 
"411VD‘HLVWY1" LY HLVWY1d" *@3N ‘ALID VASVYGIN LY IYNOSSIW’ "vd ‘OUNEsSIyyVH LY VNNWHINOSNS* ape. sic At dal 
"HSYM‘ODSVd LV VWIaWN1O0D° “"NNIW ‘WHONY YV4N IddISSISSIW'S "Wd ‘WIHdT30VTIHd LV 3YVMV130" TON3D31 
‘ZINV ‘WWOA YV3IN WG TVvI¥3adWI LY OGVICTOD* "AX‘MYSYYM YVIN WYO GNVINYYW LY OIHO'B “AN‘AW® WINONVX31¥ LY JDNIYMVI “1S* 


u u T 


’ T 
sé 908 906 86 001 $0! ost 


ulsog 4e0A1y s0low yo Asopun[g 














sew ~ 
ST 
OSz OOF OSi COL OS oO 


sel1W eEnioNS 


Radiological Health Data and Reports 




















The network 


In 1963, the U.S. Geological Survey began a 
routine sampling program on streams to de- 
termine the tritium concentration of surface 
water in the continental United States. Before 
1963, stream sampling for this purpose was 
irregular. In 1964 and 1965, the sampling network 
was expanded to include eight more streams, but 
the station on one of these streams, the St. Law- 
rence River, was discontinued in 1967. The ac- 
companying tables present the results of all 
analyses of network stream samples received in 
the tritium laboratory to the end of 1968. Figure 
1 shows the basins and sampling locations of all 
the streams sampled, except for the Yukon River 
at Ruby, Alaska. 


Sampling procedure 


Stream samples of 50 to 1,000 milliliters were 
collected by personnel of the U.S. Geological 
Survey at or near gauging stations where stream 
discharge data are collected. Where a specific 
date of sampling is shown in the tables, the sample 
was a single grab sample collected on that date. 
Where a month only is shown, the sample con- 
sisted of a composite of daily, weekly, or biweekly 
grab samples collected during that month. The 
notation “NS” in the tables indicates that no 
sample was collected for the period listed ; however, 
the period is included to permit continuity of the 
discharge record. 


Analytical procedures 


After samples were received at the laboratory, 
they were either subjected to tritium counts 
directly by one of two types of counting systems, 
or were enriched by electrolysis before counting. 
The analytical techniques described by Hoffman 
and Stewart (8), were generally applied to the 
earlier samples; however, improvements in systems 
and techniques have since been made and adapted 
to tritium analyses. Presently, if the tritium con- 
centration exceeds about 1,000 pCi/liter, 5 
milliliters of the samples are predistilled and 
counted without enrichment using a model 
3003 Packard liquid scintillation spectrometer. 
The counting solution contains 4 milliliters of 
water emulsified in 18 milliliters of scintillation 
solution, which consists of 76 percent (by volume) 


September 1970 


Table 1. Apalachicola River at Chattahoochee, Fla. 
| 
| Discharge 

Tritium (m3/s) 

concentration 

(pCi/liter) | 
| Daily | Monthly mean 


1964 


November 29 
December 30 


| 
| 

November 28 | 
1965 | 
| 

| 

} 


January 27 
February 15 
March 3 | 


April 12 

May 6 

June 9 

July 12 

July 27 

August 15 | 
September 1 

October 11 

November 15 

December 3 


1966 


January 14 
February 25 
March 14 
April 1 

~ aw 3. 

June 3 

July 5 
August 1 
August 29 
September 15 
October 4 
November 14 
December 2 


1967 


January 9 
February 2 
March 2 
March 28 
April 15 
May 8__- 
June 6 

July 21 
August 14 
September 20 
October 3 
November 7 
December 14 


1968 


January 15 
February 20 
March 15 
March 22. 
April 15 
os 15 
June 14 

July 11 
August 18 
September 15 
October 23 
November 15. 
December 12 








NS, no sample. 


toluene, 24 percent Triton X-100 (Rohm and 
Haas) (alkylaryl polyether alcohol), 7 grams per 
liter of PPO (2,5 diphenyloxazole), and 0.5 grams 
per liter of POPOP [1,4-bis-2-(phenyloxazolyl)- 
benzene]. This mixture in a 25-milliliter poly- 
ethylene vial yields a counting efficiency for tri- 
tium of about 27 percent and a background of 
about 7.5 counts per minute. 





Table 2. 


Discharge 
Tritium (m/s) 
concentration 
(pCi/ liter 


Daily Monthly mean 


1961 


October 16 
November 
December 5: 


1962 


January 
February 
March 15« 
April 
May 

June 27° 
July_- 
August 31 
September 
October 
November 
December 


1963 


January 
February 
March 
April 

May 

June 
July__- 
August 
September 
October. 
November 
December 


January 
February 
March 
April 
May 

June 
July-- 
August 
September 
October 
November 
December 


me NNN Nee 


January 
February 
March 


# Sampled at Little Rock, Ark. 


NS, no sample. 


Samples believed to have tritium concentrations 
between 250 and 1,000 pCi/liter, are counted di- 
rectly in a 2-liter gas proportional counter filled 
to 2 atmospheres of gas pressure with 80 per- 
cent hydrogen gas and 20 percent methane. 
About 2 to 2.5 milliliters of water are converted 
to hydrogen gas by passing the vapor over 
uranium metal heated to a temperature of 
875° C. The gas proportional. system yields a 
tritium counting efficiency of about 95 percent 
and background about 2.5 counts per minute. 


424 





Arkansas River at Van Buren, Ark. 


Discharge 
Tritium (m/s) 
concentration 


(pCi/liter) 


Daily | Monthly mean 


April 

May 

June _- 
July 
August 
September 
October 
November 
December 


1966 


January 
February 
March_ 
April... 
May 
June 
July 
August 
Septeniber 
October 
November 
December 





1967 


January 
February 
March 
April 

May 

June 
July__- 
August 
September 
October 
November 
December 





1968 


January 
February 
March 
April 

May 

June 

July 
August 
September 
October ___. 
November 
December 








Samples below 250 pCi/liter are enriched 
by electrolysis using a technique and electrol- 
ysis cells similar to those described by Ostlund 
and Weiner (9). In this procedure, 50, 100, 
250, or 500 milliliters of a predistilled water 
sample are electrolytically reduced to 5 to 10 
milliliters of tritium-enriched water containing 
about 75 to 90 percent of the initial tritium. After 
a final distillation to remove the neutralized 
electrolyte, the tritium-enriched sample is counted 
by one of the above-described systems, depending 
upon the anticipated final tritium concentration. 
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Table 3. 


} Discharge 
rritium (m?/s) 
concentration 


| (pCi/liter) 


Daily | Monthly mean 


1961 


September 21 
October 9 


1962 
August 14 
1963 


January - 
February 
March_-__- 
April _- -- 
May 

June 

July__- 
August 
September 
October 
November be 
December-_- 


1964 


January 
February 
March_-. 
April 
May 
June 
July__-- 
August 
September 
October___- 
November 
December-_- 
1965 


1,i 
1, 
l, 
3, 
6, 
qs 


oye 
3,7 
3,é 
3, 
3, 
2, 


January 
February 
March__. 
April 
May 

June 
July__- 
August 
September 
October__- 


NNNAaKAKaAN 
or tO WDE w 1 





« Discharge subject to revision. 
NS, no sample 


Accuracy 


The errors associated with the analytical 
results listed in the tables average less than + 
10 percent at 1 standard deviation. Some of the 
earlier analyses may have had a slightly higher 
average error, but errors in the more recent 
analyses are known to average less than + 10 
percent. 


Discussion of data 


Although a “more detailed interpretation of 
the data will be included in a later publication, 
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Colorado River near Cisco, Utah 


Discharge 
Tritium | (m/s) 
concentration | 
(pCi/liter) 
Daily | Monthly niean 


} 
1965 


November 
December __- 


1966 


January 
February 
March__- 
April 
May 
June 

July __- 
August 
September 
October 
November 
December 


O10 
120 
,870 
, 390 
,310 
440) 
350 
460 
560 
070 
890 
, 060 


en we ek ee ek ee 


1067 
January 
February 
March. 
April 
May 
June 
July 
August 
September 
October__- 
November 
December 

1968 


January 
February 
March_ 
April 

May 

June 

July. 
August 
September 
October__- 
November 
December 


certain trends that are obvious from the data 
listed in the tables are discussed here. The large 
pulse of tritium from precipitation because of 
thermonuclear testings, as shown by Stewart 
and Hoffman (10), is reflected in all the streams. 
Also apparent are the seasonal, latitudinal, and 
continental effects noted in precipitation. The 
amount of ground water flow relative to runoff 
appears to affect the response of streams to tritium 
in precipitation falling in the basin. This might 
be expected since ground water response to tritium 
in precipitation is obviously much slower than 
runoff response. During the early part of the 
recorded period, most streams contained con- 
siderably lower concentrations of tritium than 
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Table 4. Colorado River at Columbus, Texas 





Discharge 
Tritium (m3/s) 
concentration 
(pCi/liter) 


Monthly mean 


1964 





December 1 
1965 


January 5_- 
February 12 
March 8 
April 12 
May 11 

June 9 

July 9 
August 5_ 
September 13 
October 21 
November 18 
December 20 





1966 


January 25_ 
February 
March 2 
April 5 

May 11 
June 16__- 
July 26 
August 29 
September 
October 4- 
November 7 
December 13 





1967 


January 17 
February 
March 27 
April 

May 1-_-- 
June 6__-_- 
July 13 
August 15 
September 18 
October 24 
November 
December 








1968 


January 22 
January 25___ 
February 15 
March 12 
April 16 
May 

June 

July 2 
August 1 
September 
October 
November 
December 4 
December 18 








a Discharge subject to revision. 
NS, no sample. 


was present in precipitation, whereas later, the 
concentration of tritium in streams often exceeded 
that in precipitation. Figure 2 presents an ex- 
ample of this trend. 

The Missouri River at Nebraska City, Nebr., 
shows good agreement between the monthly com- 
posite, which consists of equal volumes of daily 
samples, and the monthly grab sample. This sug- 
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Table 5. Colorado River at Imperial Dam 
near Yuma, Ariz. 





| 
Discharge 
Tritium (m/s) 
concentration ovauanpeeaties 
(pCi/liter) 


Daily* Monthly mean> 


1964 
October _- 
November 5 
December _- 


1965 


January 
February 4___ 
March 3- 

April 1 

May 5---- 
June 4____ 

July 7_--- 
August 2_ L 
September 2___- 
October 8_ 
November 4__- 
December 1. 


RNwWoONN Nee 
AQUqatw 
Cavs 


NWeOCIWSWNS 
Se NOI 


1966 


January 5__- 
February 1__- 
March 2-_- 
April 6 

May 3 

June 2__. 

July 5_- 

August 8_-_- 
September 1 
October 3_ F 
November 3__-- 
December 2- - - - 


1967 


January 9__- 
February 6__- 
March 6. 
April 6_- 
May 4___- 
June 1___- 
July 5 
August 2___- 
September 7 
October 5- 
November 7 
December 5- 


1968 


January 8__ 
February 6___- 
March 5 ; 
April 2 

May 7... 

June 4__- 

July 2 : 
August 6_____- 
September 3 
October 1_ 
November 5-_-- panini : 
December 3 1,650 














« At All-American Canal Station 60. 


b Sum of discharges of All-American Canal, Gila Gravity Main Canal and 
Colorado River at Imperial Dam. 
NS, no sample. 


gests that the response of the river to changes in 
the rate of tritium input is not abrupt, at least for 
periods of less than a month. The effect of the nu- 
clear facilities at the Savannah River Plant is obvi- 
ous when tritium data from the Savannah River 
are compared to those of other streams. Also 
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Table 6. Columbia River at Pasco, Wash. 


Discharge 

Tritium (m3/s) 

concentration 
(pCi/liter) 


Date 


Daily 


Monthly mean* 


1961 


September 15 
October 17- 


1962 


1,844 
1,706 


July 2 
1963 


April 
May- 
June 
July__. 
August ; 
September 
October _ - 
November 
December 


ee DS Ce Cr ie 


1964 


January 
February 
March___- 
April_-_- 

May- 

June 

BP ncns 
August _ _- 
September 
October _ _ - _ _- 
November _ - - -- 
December. --- 


1965 


CO ROW eI te 
en 00 ¢ on 7 
NNNNOKRK eee Ne 


January 
February ‘ 
| TS 
April...... 
May-.-~--- 

June _-_ 
July.... 
August _ _- 
September _ _ - 
October-__-- -- 
November... ------- 
December- -- - 


Poem wt 


NWNWNNNNNKNN& 
ooo 


NNR NAS 




















Discharge 
Tritium 
concentration 
(pCi/liter) 
Daily 


1966 


January 
February - 
March__- 
April- 
May 
June 
July__-_- 
August _ - - 
Septeinber 
October 
November 
December 


NwNe 


i) 


me Rott io ee St to 
e¢ oe 2 ¢ ss 
ioe eK lows 


1967 


January 
February 
March__- 

April 24 

May 31___- 
June 15____- 
July 28 

August 29__- 
September 29___- 
October 31- 
November 29__- 
December 29 


NNN N WON toto to 


Ce RO mt Oo Oo G1 Go OO OO 


1968 


January 30___ 
February 28__- 
March 25 

April _- 

May 1-_-_-- 

June 1__- 
July___ 

August a 
September 3-___- 
September 25___- 
October - 
November 5-__- 
November 27__- 
December 20 


NWAnNWIOWL tS 

















® Discharge at Columbia River at Priest Rapids and Yakima River at Kiona, Wash. 


NS, nosample. 


obvious is the moderating effect of the Great 
Lakes on the tritium in the St. Lawrence River. 

The Colorado River at Cisco, Utah, and most 
of the other sampled rivers reached their maxi- 
mum tritium levels in 1963-1964, whereas the 
Colorado River near Yuma, Ariz., did not reach 
its highest level until 1966-1967. About a year 
after the maximum tritium concentration was 
reached in the Mississippi River, the concentra- 
tion in the river at Luling, La., began to ap- 
proximate about half the concentration near Anoka, 
Minn. The Yukon River carried the highest concen- 
tration derived from precipitation, whereas the Kis- 
simee River had the lowest. Although their basins 


September 1970 


adjoin, the Potomac River had tritium levels sig- 
nificantly lower than the Ohio River. 
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Table 7. Delaware River at Philadelphia, Pa. 


| Discharge 

Tritium (m/s) 
concentration | 2 
(pCi/liter) | 


| 


Monthly mean 


1964 
Washington, D.C. precipitation 
October 22 2,000 
Potomac River at Point-of-Rocks, Md. November 17 — ,830 
December 17.............-.] , 680 


1965 


January 5___- 
February 15_ 
March 15. 
Apri]. 15. ._... 
May 17.-- 
May. 28__.-- 
June 14 

July 15 wae 
August 16. 
September 13 
October 19___- 
November 
December 





1966 


January 
February 
March 16_- 
April 14_____- 
May 23... .- 
June 20_ 
July 

August _ - 
September 
October __ 
November 
December 7- 





Tritium concentration (pCi/liter) 


1967 


January 6 
February 
March 8. 
April 13 
May 4_-- 
June 12..... 
July 14__ 
August 3_ 
September 
= October 5 

64 November 9_ 
December 











Figure 2. Tritium concentration in Washington, D.C. 1968 
precipitation and in the Potomac River at 
Point-of-Rocks, Md. 


January 
February 
March 
April 

May- 

June 

July 10 
August 8 
September 5_ 
October 1 
November ‘ 
December 5 
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Table 16. Klamath River near Klamath, Calif. 


1964 


October 29 - - 
November. - - 
December 1--- 


1965 


January 
February 25 
March 24 
April 30 


August 26 
September- 
October 6* 
November 21 
December 


1966 


January 8 
February 3 
February 25 
March 30" 
April 26 
May- 

June- 

July - 

August- sh 
September 26 
October 
November 2 
November 28 
December 


1967 


January 3 
February 8 


August 30 
September 
October - 
November 9 
December 14 


1968 


January 15 
February - 
March 11 
April 1 
May 1- 
June 4- 
July 16_- 
August 21 
September- 
October 2 
November - 
December 





' 


Tritium 


concentration | 


(pCi/liter) 


NS 
704 
896 
, 000 
NS 
886 
717 
678 
NS 
768 
531 
NS 


a Sampled at Del Norte, Calif. 


NS, no sample. 


September 1970 


Discharge 
(m3/s) 


1963 
May | 
1964 


October 25 
November 
December 1 
December 29 


1965 


January 
February 1 
March 2 
April 1 
April 3 
May 28 
June 

July 1 
August 2 
September 1 
October 1 
December 1 


1966 


January 4 
February 2 
March 1 
March 31 
April 26 
May 2 
June 1 
July 1 
August 3 
September 
October 
November 
December 


1967 


January 
February 
March 

April 

May 25 

June 7 

June 15 

July 

August 16 
September 25 
October 3 
November 20 
December 12 


1968 


January 18 
February 15 
March 18 
April 15 
May 20 

June 17 

July 12 
August 15 
September 17 
October 15 
November 13 
December 16 


® Sampled at Aiken, 


NS, no sample 


Table 17. 


Savannah River near Clyo, Ga. 


Tritium 
concentration 
(pCi/liter) 


Discharge 
(m 8) 


Monthly mean 





Table 18. 


Tritium 
concentration 
(pCi/liter) 


1964 


October 29 
November 27 
December 23 


1965 


January 25 
February 23 
March 28 
April 25 
May 26 

June 26 

July 25 
August 26 
September 29 
October 25 
November 26 
December 22 





1966 


January 23 
February 27 
March 26 
April 26 
May 25 
June 6 

June 23 

July 24 
August 22 
September 21 
October 22 
November 21 
December 22 


1967 


January 23 
February 23 
March 26 


June 26 

July 26 
August 25 
September 25 
October 25 
November 2 
December 22 


* Discharge at Ogdensburg, N.Y. 





St. Lawrence River at Alexandria Bay, N.Y. 


Discharge 
(m?/s) 


Monthly mean® 





Table 19. Susquehanna River at Harrisburg, Pa. 


Tritium 
concentration 
(pCi/liter) 


1960 
November 9 

1961 
September 18 


October 18 
November 7 


1962 


June 28 


Discharge 
(m?/s) 


Daily | Monthly mean 


Table 19. 


1964 


October 19 
November 20 
December 16 


1965 


January 
February 16 
March 15 
April 15 
May 17.- 
May 26 

June 16 

July 14 
August 18 
September 15 
October 15 
November 16 
December 15 


1966 


January 
February 18 
March 15 
April 28 

May 16 

June 16 

July 11 
August 31 
September 15 
October 14 
November 15_- 
December 15 


1967 


January 26 
February 23 
March 24 
April 26 

May 17 

May 24 

June 19 

July 17 
August 29 
September 28 
October 31 
November 29 
December 20 


1968 


January 
February 
March 11 
April 30 
May 27 

June 

July 3 

July 24 
August 23 
September 26 
October 25 
Nove mber__ 
December 19 


NS, no sample. 


Susquehanna River at Harrisburg, Pa. 


—Continued 


} 

| 

Tritium | 

concentration | 
(pCi/liter) 

Daily 


wh 





tet et et et et tet et BN ND 











362 
569 
, 608 


099 
223 
138 
185 
195 








566 


Discharge 
(m/s) 


| 
Monthly mean 
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Table 20. Yukon River at Ruby, Alaska 


Discharge 
rritium m/s) 
concentration 
(pCi liter) 
Daily Monthly mean 


1961 


September 17 - 
October 13 
December 12 


1962 


January 3 2 500 
May 31 L570 
July 16 530 
July 31 190 
September 21 990 


1963 


June 
July 
August 


1064 


June : 24,500 
July 15,530 
August ; 10, 660 
September 7,600 
October ; 4,240 


August 19 
August 2S 


1966 


July 8 
August 1-16 


1968 


June 3-17 

June 18—July 17 

July 18—-August 16 
August 18 

August 18-September 1 
September 2-30 
October 1-18 


‘Ice affected. 











Natural Environmental Radioactivity in South Florida Sands and Soils 


February-June 1968 


Douglas H. Keefer and Maxwell Dauer' 


An investigation of the naturally occurring gamma-emitting radionuclides 
present in selected sands and soils of south Florida was conducted. Although 
the primary interest was in the natural environmental radioactivity from 
uranium-238, radium-226, thorium-232, and potassium-40, the concentrations 
of five fission products were also determined to minimize the error in computing 
the concentrations of the four naturally occurring radionuclides. The deter- 
mination of these nine radionuclides in 45 environmental samples was per- 
formed by the linear least-squares method of analysis utilizing a computer. 


A comprehensive radiological surveillance study 
of natural environmental radioactivity was the 
first to be conducted in south Florida with the 
exception of the Turkey Point Nuclear Reactor 
Programs of the Public Health Service and the 
State of Florida. The Turkey Point studies con- 
sisted of soil analyses for potassium—40, radium- 
226, and thorium—232, on a limited scale. There 
had been no attempt, however, to assay soil and 
sand samples beyond this area. 

The sampling criterion was based upon dif- 
ferences in the soil associations of south Florida 
(1). The wide variety of sand and soil types with 
variations from the west to east coast and into 
the Keys provided ample environmental sampling 
opportunities. 

The environmental radiological data on the 
naturally occurring radionuclides in south Florida, 
obtained through this study, will provide those 
agencies interested in establishing an environ- 
mental baseline with an indication of radionuclide 
concentrations. This information is necessary 
because the operation of nuclear power reactors 
in south Florida will require the establishment of 
preoperational baseline determinations by the 
responsible State and federal health agencies. 


1 Mr. Keefer was in the Training Manpower Development 
Program, Bureau of Radiological Health, U.S. Department 
of Health, Education, and Welfare; and Dr. Dauer is a 
professor of Radiological Physics in the Department of 
ne: University of Miami Graduate School, Miami, 
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In addition to the radiological surveillance 
data obtained, geological formation data are also 
indicated by the presence of four natural sources 
of radioactivity (uranium-238, radium-226, thori- 
um-—232, and potassium—40). For example, the 
Miami oolite formation of the Homestead area 
extends beneath the surface and reappears in 
the western Keys. Other geological formations 
reported in the literature were confirmed by this 
radiological analysis. 


Review of Florida environmental radioactivity 


Williams et al. (2) and Roessler (3) state that 
the natural environmental radioactivity occurring 
in Florida moves in the environment because 
of phosphate mining, phosphate fertilizer pro- 
duction, and subsequent use of byproducts. 
Other typical sources of environmental radio- 
activity, such as uranium mining, concentrating 
or milling; nuclear fuel fabrication or reprocessing; 
and commerical radioactive waste disposal ac- 
tivities; do not take place in Florida. 

Recent studies conducted by the Florida State 
Board of Health and the U.S. Public Health 
Service were the principal sources of data on 
radioactivity in the south Florida environment. 
These surveys were primarily concerned with 
fallout and the potential contamination of the 
environment with reactor byproducts in the 
vicinity of the Turkey Point Nuclear Reactor 
site (4). However, the naturally occurring radio- 
nuclides were also investigated because of their 
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analytical interference with man-made radio- 
nuclides. Potassium—40, thorium—232, and ra- 
dium-226 concentrations have been reported 
in soil samples collected by the U.S. Public Health 
Service’s Southeastern Radiological Health Labor- 
atory since 1966 (5). 

Aerial radiometric surveys of the Atlantic Coast 
beaches from Florida to North Carolina were 
conducted by the U.S. Geological Survey and 
the U.S. Atomic Energy Commission during 
May to November 1953 (6). These surveys did 
not locate any areas of significantly high gamma 
radiation in southern Florida. 

Mahdavi (7) states that during weathering, 
thorium and uranium are separated to the extent 
that tetravalent uranium is oxidized to the hexa- 
valent state, leached, and transported in solution 
as the soluble uranyl ion or its soluble complexes. 
3y comparison, thorium, having only a tetra- 
valent state, remains in primary or secondary 
resistate? minerals (8), which concentrate in 
residual soils (9) or are transported as clastic 
particles. Unoxidized tetravalent uranium in 
resistates, for example, zircon (ZrSiO,), remains 
with thorium. 

The assumption of secular radioactive equili- 
brium between thorium and uranium has not been 
experimentally proved because of sampling and 
experimental difficulties, but earlier work (10) 
and general agreement with independent and 
spectrochemical potassium values (11) support 
the assumption. If the thorium and uranium are 
largely contained in quartz and other resistates 
(e.g., zircon and monazite), it is unlikely that 
they have been separated from their radioactive 
daughters to an important extent. Conversely, 
any nonresistant or fine grained mineral in which 
the thorium and uranium are likely to be out of 
secular radioactive equilibrium with their daughter 
products is also likely to be quickly removed by 
the action of waves on the beaches. Carbonate 
shells formed in the last hundred thousand years 
are known to be out of equilibrium by not having 
all the radionuclide daughters that could be sup- 
ported by the uranium present. To the extent that 
shells and shell debris are present on the beach, 
there will be more uranium present than that 


2 Resistate, any of the class of sediments, as sand or 
sandstone consisting chiefly of minerals resistant to wea- 
thering. 
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indicated by analysis of the gamma radiation 
from the beach (7). 

Osmond (12) states that the coral formations 
in southern Florida, including Key Largo lime- 
stone and Miami oolite, consist of aragonitic 
carbonates. These have a much higher uranium 
content than those of normal limestones. The 
important determining factor is probably the 
“room” in the crystal lattice of argonite rather 
than some function of organic activity involved 
in its formation. 

Mahdavi (7) further states that, in general, there 
seemed to be consistent changes from shore to 
dune across all beach profiles. These changes in 
concentrations of thorium and uranium and the 
thorium to uranium ratio must be largely due 
to the relative proportions of clay and radio- 
active resistate mineral, particularly when more 
than 1 to 2 p.p.m. thorium and 0.3 to 0.6 p.p.m. 
uranium are found. These latter concentrations 
are most frequently found in pure beach sands 
and may be considered as the average thorium 
and uranium content of quartz and feldspar. 

Mahdavi’s (7) study gives most of the available 
information on thorium, uranium, and potassium 
concentrations in beach sands with four con- 
clusions: 


1. Thorium above 1-2 p.p.m. and uranium 
above 0.3-0.6 p.p.m. in beach sands are contained 
in dense, resistate minerals, such as monazite, 
zircon, and xenotime. 

2. Most beaches have a thorium to uranium 
ratio of 2.5-3, and only the Galveston Island, 
Tex., and the Cape Cod, Mass., beaches had a 
thorium to uranium ratio near the 3.8 crustal 
average. 

3. The concentrations of thorium, uranium, 
and potassium and the thorium to uranium ratio 
can be related to provenance’ and beach processes 
in several cases and can probably be used as 
natural radioactive tracers and process indicators 
in many geological situations. 

4. The most frequent concentrations found 
in beach sands are 1-2 p.p.m. thorium and 0.3- 
0.6 p.p.m. uranium, but the mean concentrations 
are unknown, being greatly affected by the ir- 
regular occurrence of dense resistate minerals, 
such as monazite and zircon. 


3 Provenance, place or source of origin. 
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Sampling and analytical procedures 


Samples of sand and soil were obtained by 
selecting an appropriate area of approximately 
3,000 cm*. The surface of this area was cleared 
of debris and sampled to a depth of 5 to 10 em. 
The individual samples were homogeneously 
mixed when dry, and large components (e.g., 
pieces of limestone) were crushed. The sample 
was then placed in a tared polyethylene Mari- 
nelli beaker, tamped to a 2-liter volume and 
weighed. The range of sample weights was 1.9 
kg to 3.6 kg, representing light organic soil to 
insoluble Miami oolite limestone composition, 
respectively. 

A Nuclear Data 180 counting system was 
used to perform the gamma pulse-height analysis. 
The detector system consisted of a 3-by 3-inch 
aluminum clad Nal(Tl) crystal detector sur- 
rounded by a 2-inch-thick cylinder of lead with 
an inside diameter of 8 inches. This shield was 
lined with 1 mil of copper and 1/2 mil of aluminum 
foil to reduce the production of the characteristic 
lead x ray. The high-voltage power supply was 
stabilized with a voltage regulator, and line 
voltage fluctuations were observed to be minimal. 


Standardization 


The pulse-height analyzer was calibrated to 
give a channel coefficient of 10 keV per channel 
using a combination disc source of cesium—137 
and cobalt-60. This calibration was repeated for 
each sample or standard counted. 

The counting system was standardized for 
the natural radionuclides of interest: potassium-— 
40, radium-226 (in equilibrium), uranium—238, 
and thorium-232. In addition, standard samples 
of the following fission products were prepared: 
cerium-praseodymium-144, ruthenium-rhodium- 
106, cesium-barium-137, zirconium-niobium-95, 
and manganese—54. All standards were prepared 
in a 2-liter volume of dry ACS grade sodium 
chloride weighing 2.855 kilograms to approximate 
the mean density of the sand and soil samples, 
which had a range of 1.9 kg to 3.6 kg per 2-liter 
volume. Backgrounds were subtracted from the 
standards and net counts used to determine 
sample activity. 

An extended counting period of 200 minutes 
(four times that normally used by environmental 
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radiological laboratories utilizing 4- by 4-inch 
crystal detectors) was used. This increased count- 
ing time helped overcome the poorer sensitivity 
of the 3- by 3-inch crystal detector, permitting 
a more reliable comparison of low-level en- 
vironmental data. 


Data computations 


Normally, to correct each sample spectrum for 
the contribution from natural background radia- 
tion, the background spectrum is first subtracted 
from the sample spectrum. This study used a 
different approach. The method used consisted of 
selecting a composite natural background spec- 
trum representative of the counting system being 
used. These background data were added as a 
standard spectrum to the computer program. A 
ten component linear least-squares fitting program 
was used to determine the magnitude of each of 
the nine radionuclides of interest and the ratio 
of the individual background spectrum to the 
composite background spectrum. The ratio of 
the background spectra, called the background 
variation ratio, should be close to 1.000. This 
has the effect of evaluating the reliability of the 
least-squares gamma analysis computation as 
a function of the sample’s background deviation 
from unity (table 1). The inclusion of 95-percent 
confidence limits (C.L.) for this background 
variation also provides a range in which the ex- 
pected variation should occur. Background varia- 
tions outside the 95-percent confidence limits 
occurred in less than 10 percent of the results with 
most variations occurring in less than 5 percent. 
The presence of radium-226 daughter products 
not in equilibrium accounts for this variation 
of sample background. 

The solution of complex gamma-ray spectra 
containing ten components (including natural 
background) further complicated by gain shifts 
of the sample and each of the standard compo- 
nents, necessitated the use of a linear least-squares 
fitting program developed by R. L. Health et al. 
(13) for an IBM 7040. This program included a 
gain shift routine. 

The final product of this program is an intensity 
factor of the standard and its standard deviation 
(SD) that is present in the sample. This value, 
when multiplied by the total activity of the stan- 
dard and divided by the weight of the sample 
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in kilograms, expresses the activity of the respec- 
tive radionuclide per kilogram of sample. The 
95-percent confidence limit is obtained by fol- 
lowing the above steps with the SD and then 
multiplying the result by 1.96. 


Analysis of beach sands 


The profile of a beach in a line perpendicular 
to the water’s edge consists of a front beach at 
sea level, the berm, the back beach, and finally 
the dune. In this study, beach-sand samples 
were collected from the front and back beach areas 
(whenever the beach was wide enough) to present 

Table 2. 


Natural environmental radioactivity in the 


} 
| 
Sample number® 
Potassium 
(mg/g) 


Sand 


0.42 +0.34" 
N 


D 


90+ .63 
96+ .56 
ND 
2.86+ .91 


08+ .84 
68+ .38 





* Sampling locations are given in table 1. _ 
b The error expressed is the relative 1.96-sigma-counting error. 
ND, nondetectable. 
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a profile. This sampling procedure was followed 
to permit observation of the systematic changes 
in the thorium to uranium ratio from shore to 
dune reported by Mahdavi (7). The two sampling 
areas (the front and back beaches) were reported 
to be the low and high ratios, respectively. The 
same phenomenon was observed in the beach 
sands of south Florida. 

The thorium-232 and uranium-238 values 
reported for south Florida were within the range 
of the most frequent concentrations reported 
for the north Gulf and Atlantic Coast beaches 
(7). However, as observed in table 2, the thorium 


sands and soils of southern Florida, February-June 1968 


Concentration 
(dry weight) 


Radium-226 
(pgz/) 


Uranium-238 Thorium-232 
(p.p.m.) (p.p.m.) 


0.3+0.1! 
4+ .1 
74 
3 
2 


ss 


3 4 
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to uranium ratios are above the mean range of 
2.5-3.0 reported by Mahdavi, with the exception 
of the Key Largo to Marathon sampling locations 
(numbers 35 to 42). The mean thorium to uranium 
ratio for all beach sands collected in south Florida 
was 3.7, within a range of 1.1 to 8.3. The mean 
concentration for thorium-232 was 1.6+ 0.3 
p.p.m., in a range of 0.6 to 6.2 p.p.m. The mean 
concentration for uranium-238 was 0.7 + 0.1 
p.p.m., with a range of 0.2 to 0.7 p.p.m. 

The beach sands of south Florida have a mean 
thorium to uranium ratio of 3.7. This ratio is 
considerably higher than those reported for the 
north Florida Gulf Coast and south Atlantic 
Coast beaches, which are 2.1 and 2.8, respectively. 
The south Florida thorium to uranium ratio 
approximates the earth’s crustal average of 3.8, 
as do the beaches of Galveston, Tex., and Cape 
Cod, Mass. It appears that the geological forma- 
tion of Miami oolite limestone, so prevalent in 
south Florida, is responsible for the higher ratio. 

Seven pairs of the beach sand samples con- 
firmed that the back beach thorium to uranium 
ratio is higher than the front beach ratio in south 


Florida sands. This was also observed by Mah- 


davi for the Gulf Coast and Atlantic Coast 
beaches. This change in concentration is due to 
the relative proportions of clay and radioactive 
resistate minerals, which vary from the front of 
the beach to the back of the beach, as influenced 
by the action of sea. 

Table 2 shows that the highest thorium to 
uranium ratios generally appear in samples also 
containing the highest radium-—226 concentra- 
tions. The possibility of radium-226 interfering 
with uranium and thorium results is minimized, 
however, by examining the analysis of samples 
having similarly high thorium to uranium ratios 
with low radium-—226 activity. The mean radium-— 
226 content of the south Florida sands was 2.0 + 
0.5 pg/g, with a range of 0.7 to 7.6. The sand 
samples, consisting primarily of Miami oolite 
limestone had the highest average concentration 
of radium-226, approximately 5 pg/g. Those 
sand samples consisting of Key Largo limestone 
had the lowest average radium-—226 concentra- 
tion, approximately 2 pg/g. 

The fission products detected in the south 
Florida sands had maximum values (per kilo- 
gram of dry sample weight) as follows: cerium- 
praseodymium-144, 2,070 pCi; ruthenium-rho- 
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dium-106, 410 pCi; cesium-barium-137, 180 pCi; 
and zirconium-niobium-—95, 110 pCi. 

Relatively low concentrations of natural po- 
tassium are found in south Florida sands and 
soils. The results were reported as nondetectable 
within this confidence interval in several cases. 
This phenomenon has also been observed by the 
Public Health Service and Florida State Board 
of Health in their environmental surveys of 
south Florida soil (5, 14). The mean concentration 
of natural potassium (determined by potassium-— 
40 assay) was 0.53 + 0.32 mg/g of sand, with a 
range from nondetectable to 2.9 mg/g. The mean 
potassium concentration in soils was 1.1 + 0.7 
mg/g, with a range of 0.39 to 4.1 mg/g. The po- 
tassium content of 0.046 percent reported by 
Mahdavi for the north Florida Gulf Coast beach 
is comparable to the south Florida beach value 
of 0.053 percent. 


Analysis of soil 


The 20 soil samples assayed provide an insight 
into the naturally occurring environmental radio- 
activity that exists throughout south Florida. 
The mean thorium to uranium ratio in soil samples 
was 4.2, in a range of 1.8 to 6.6 (table 2). The 
mean thorium-—232 concentration was 3.3 + 0.5 
p.p.m., in a range of 0.8 to 6.7 p.p.m. The mean 
uranium-238 concentration was 0.8 + 0.2 p.p.m. 
in arange of 0.3 to 1.2 p.p.m. 

The environmental analysis of natural radio- 
activity in south Florida soils indicates a mean 
thorium to uranium ratio of 4.2. This ratio is the 
result of a two-fold increase in the mean thorium— 
232 concentration, accompanied by only a small 
increase in the mean uranium-238 content over 
the reported concentrations for sands in south 
Florida. The radium-—226 concentration in soil 
samples was approximately 2.5 times the radium-— 
226 found in sand samples. Since radium-—226 
is a daughter product of the uranium—238 series, 
the difference between soil and sand concentra- 
tions must be the result of nonsecular equilibrium 
between daughter products washed away by the 
action of waves on the beach. The parent radio- 
nuclide, uranium-—238, is present in equal quan- 
tities (approximately 0.75 p.p.m.) in both sand 
and soil. 

The geological formation of southern Florida 
consists of two major limestone structures. Mi- 
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ami oolite, comprising the east coast ridge on 
the mainland, appears in the Homestead area 
(sample number 21), descends to form the floor 
of the southern Everglades and is again observed 
at Flamingo (sample numbers 31 through 34). 
The oolite formation then emerges west of Big 
Pine Key and influences the natural environ- 
mental radioactivity of Key West (sample num- 
bers 44 and 45). The Key Largo limestone 
formation (having low thorium—232 and radium 

226 concentrations) forms the Keys and the off- 
shore ocean floor from Key Largo to Marathon 
(sample numbers 35 through 42) and is observed 
radiometrically at eight sampling locations in this 
study. 

The radioanalysis of samples for natural en- 
vironmental radioactivity collected from the 
Turkey Point Nuclear Reactor area (sample 
numbers 19 through 29) will assist the Public 
Health Service and the Florida State Board of 
Health in preoperational surveys. The range of 
uranium-238 in these samples was from 0.66 
to 1.2 p.p.m.; the range of thorium—232 was from 
1.8 to 3.8 p.p.m., with thorium to uranium ratios 
from 1.8 to 5.5. 


Many soil samples contained pieces of Miami 


oolite, since the widely distributed Perrine- 
Ochopee soil association consists of marly ma- 
terials overlying limestone. This oolite contri- 
bution is significant in determining the radio- 
logical environmental profile of the area. The 
PHS analysis of soil samples from this area as- 
certained similar levels of natural environmental 
activity. 

The fission products detected in south Florida 
soils had value ranges, (per kilogram of dry sam- 
ple weight) as follows: cerium-praseodymium-144, 
nondetectable to 2,030 pCi; ruthenium -rhodium- 
106, nondetectable to 830 pCi. Ruthenium- 
rhodium-—106 values were less than the detectable 
levels (below the 95-percent confidence limits) 
for most soil samples assayed. Values of cesium- 
barium-137 ranged from nondetectable to 1,350 
pCi; and zirconium-niobium—95, from nondetec- 
table to 120 pCi. Manganese-54 was detectable 
(above the 95-percent confidence limit) in only 
two of the 45 samples. This expected frequency 
supports the observation that manganese—54 no 
longer contributes significantly to environmental 
radioactivity in south Florida. 
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Conclusion 


Four conclusions can be drawn from this en- 
vironmental investigation of natural radioactivity 
in south Florida: 


1. The thorium to uranium ratio of Florida’s 
southern peninsula is significantly higher than 
the reported ratio of the north Florida Gulf 
coast and south Atlantic coast beaches. This 
higher ratio is caused primarily by the presence 
of Miami oolite limestone formation indigenous 
to this area. High radium-—226 concentrations, 
approximately 5 pg/g, can also be expected when 
a sample contains a high percentage of Miami 
oolite. 


2. If a sample contains Key Largo limestone, 
it is anticipated that the thorium to uranium 
ratio will be approximately 2.0, because thorium 
232 concentrations are about one-third of the 
range found in Miami oolite. Radium-226 activity 
in a sample containing a significant amount of 
the Key Largo limestone will be approximately 
2 pg/g. 


3. The uranium-238 concentration in sands 
and soils of southern Florida is approximately 
0.75 p.p.m. This level of natural environmental 
radioactivity is expected because of the higher 
uranium content of specific limestone formations 
native to south Florida. 


4. The potassium concentrations of south 
Florida beach sands and sandy-type soils compare 
closely with the reported values from the north 
Florida Gulf coast area. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, May 1970 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, 
it is the food item that is most useful as an in- 
dicator of the general population’s intake of radio- 
nuclide contaminants resulting from environ- 
mental releases. Fresh milk is consumed by a 
large segment of the population and contains 
several of the biologically important radionuclides 
that may be released to the environment from 
nuclear activities. In addition, milk is produced 
and consumed on a regular basis, is convenient 
to handle and analyze, and samples representa- 
tive of general population consumption can be 
readily obtained. Therefore, milk sampling net- 
works have been found to be an effective mech- 
anism for obtaining information on current 
radionuclide concentrations and long-term trends. 
From such information, public health agencies 
can determine the need for further investigation 
and/or corrective public health action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Foods, Pesticides and Product 
Safety, Food and Drug Administration, U.S. 
Public Health Service, consists of 63 sampling 
stations; 61 located in the United States, one in 
Puerto Rico, and one in the Canal Zone. Many 
of the State health departments also conduct 
local milk surveillance programs which provide 
more comprehensive coverage within the in- 
dividual State. Data from 15 of these State net- 
works are reported routinely in Radiological 
Health Data and Reports. Additional networks 
for the routine surveillance of radioactivity in 
milk in the Western Hemisphere and their spon- 
soring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. Public 
Health Service) —5 sampling stations 


Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare)—16 sampling stations 


The sampling locations that make up the net- 
works presently reporting in Radiological Health 
Data and Reports are shown in figure 1. Based 
on the similar purpose for these sampling activi- 
ties, the present format integrates the comple- 
mentary data that are routinely obtained by these 
several milk networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that 
occur in, or are formed as a result of, nuclear 
fission become incorporated in milk (1). Most 
of the possible radiocontaminants are eliminated 
by the selective metabolism of the cow, which 
restricts gastrointestinal uptake and secretion 
into the milk. The five fission-product radio- 
nuclides which commonly occur in milk are stron- 
tium-89, strontium-90, iodine-131, cesium—137, 
and barium-140. A sixth radionuclide, potassium— 
40, occurs naturally in 0.0118 percent (2) abun- 
dance of the element potassium, resulting in a 
specific activity for potassium-40 of 830 pCi/g 
total potassium. 

Two stable elements, calcium and potassium, 
which are found in milk, have been used as a 
means for assessing the biological behavior of 


449 




















LEGEND: 








® Canadian Sampling Stations 
@ Pasteurized Milk Network 
Sampling Stations 


© Pan American Milk Sampling 
Program Stations 


[7] States Presently Reported 











Figure 1. Milk sampling networks in the Western Hemisphere 
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metabolically similar radionuclides (radiostron- 
tium and radiocesium, respectively). The con- 
tents of both calcium and potassium in milk 
have been measured extensively and are relatively 
constant. Appropriate values and their variation, 
expressed in terms of 2-standard deviations for 
these concentrations are 1.16 + 0.08 g/liter for 
calcium and 1.51 + 0.21 g/liter for potassium. 
These figures are averages of data from the PMN 
for the period, May 1963-March 1966 (3) and 
were determined for use in general radiological 
health calculations or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making its 
determinations and the agreement of the measure- 
ments among the laboratories. The Analytical 
Quality Control Service of the Bureau of Radio- 
logical Health conducts periodic studies to assess 
the accuracy of determinations of radionuclides 
in milk performed by interested public health 
radiochemical laboratories. The generalized pro- 
cedure for making such a study has been outlined 
previously (4). 

The most recent study was conducted dur- 
ing July-September 1969, with 31 laboratories 
participating in an experiment on milk samples 
containing known concentrations of strontium- 
89, strontium-90, iodine-131, cesium-137, and 
barium-140. Of the 18 laboratories producing 
data for the networks reporting in Radiological 
Health Data and Reports, 14 participated in the 
experiment. 

The iodine-131 and cesium-137 results show 
much improvement over previous tests. Barium- 
140 results also look good, which is encouraging, 
since this is the first time barium-140 was analyzed 
for this type of experiment. However, strontium- 
89 and strontium-90 analyses still need improve- 
ment (5). Keeping these possible differences in 
mind, integration of the data from the various 
networks can be undertaken without introducing 
a serious error due to disagreement among the 
independently obtained data. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding 
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of several parameters is useful for interpreting 
the data. Therefore, the various milk surveil- 
lance networks that report regularly were sur- 
veyed for information on analytical methodologies, 
sampling and analysis frequencies, and estimated 
analytical errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, 
and the gamma-ray emitters (potassium-40, io- 
dine-131, cesium-137, and barium-140) are de- 
termined by gamma-ray spectroscopy of whole 
milk. Each laboratory has its own modifications 
and refinements of these basic methodologies. 
The methods used by each of the networks have 
been referenced in earlier reports appearing in 
Radiological Health Data and Reports. 

A recent article (6) summarizes the criteria 
used by the State networks in setting up their 
milk sampling activities and their sample collec- 
tion procedures as determined during a 1965 
survey. This reference and earlier data articles 
for the particular network of interest may be 
consulted should events require a more definitive 
analysis of milk production and milk consumption 
coverage afforded by a specific network. 

Many networks collect and analyze samples 
on a monthly basis. Some collect samples more 
frequently but composite the several samples 
for one analysis, while others carry out their 
analyses more often than once a month. The 
frequency of collection and analysis varies not 
only among the networks but also at different 
stations within some the of networks. In addition, 
the frequency of collection and analysis is a func- 
tion of current environmental levels. The number 
of samples analyzed at a particular sampling sta- 
tion under current conditions is reflected in the 
data presentation. Current levels for strontium- 
90 and cesium-137 are relatively stable over 
short time periods, and sampling frequency is 
not critical. For the short-lived radionuclides, 
particularly iodine-131, the frequency of analysis 
is critical and is generally increased at the first 
measurement or recognition of a new influx of 
this radionuclide. 

The data presentation also reflects whether 
raw or pasteurized milk was collected. A recent 
analysis (7) of raw and pasteurized milk samples 
collected during January 1964 to June 1966 in- 
dicated that for relatively similar milkshed or 
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sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk are 
not statistically significant. Particular attention 
was paid to strontium-90 and cesium-137 in that 
analysis. 

Practical reporting levels were developed by 
the participating networks, most often based on 
2-standard deviation counting errors or 2-standard 
deviation total analytical errors from replicate 
analyses experiments (3). The practical reporting 
level reflects additional analytical factors other 
than statistical radioactivity counting variations 
and will be used as a practical basis for reporting 
data. 

The following practical reporting levels have 
been selected for use by all networks whose prac- 
tical reporting levels were given as equal to or less 
than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
lodine-131 10 
Cesium-137 10 
Barium-140 10 








Some of the networks give practical reporting 
levels greater than those above. In these cases 
the larger value is used so that only data con- 
sidered by the network as meaningful will be 
presented. The practical reporting levels apply 
to the handling of individual sample determina- 
tions. The treatment of measurement equal to or 
below these practical reporting levels for calcula- 
tion purposes, particularly in calculating monthly 
averages, is discussed in the data presentation. 

Analytical errors or precision expressed as 
pCi/liter or percent in a given concentration 
range have also been reported by the networks 
(3). The precision errors reported for each of the 
radionuclides fall in the following ranges: 


Analytical errors of precision 
(2-standard deviations) 

1-5 pCi/liter for levels <50 
pCi/liter; 

5-10% for levels >50 pCi/liter 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter 


Radionuclide 
Strontium-89 





Strontium-90 


4-10 pCi/liter for levels <100 
pCi/liter; 
4-10% for levels >100 pCi/liter 


Iodine-131 | 
Cesium-137 > 
Barium-140} 


For iodine-131, cesium-137, and barium-140 there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level 
for the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data 
and Reports in perspective, a summary of the 
guidance provided by the Federal Radiation 
Council for specific environmental conditions is 
presented below. The function of the Council 
is to provide guidance to Federal agencies in the 
formulation of radiation standards. 


Radiation Protection Guides (8, 9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not 
be exceeded without careful consideration of the 
reasons for doing so; every effort should be made 
to encourage the maintenance of radiation doses 
as far below this guide as practicable. An RPG 
provides radiation protection guidance for the 
control and regulation of normal peacetime uses 
of nuclear technology in which control is exer- 
cised primarily at the source through the design 
and use of nuclear material. It represents a balance 
between the possible risk to the general public 
that might result due to exposures from routine 
uses of ionizing radiation and the benefits from 
the activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more de- 
tailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1-liter per day intake of 
milk, one can utilize the graded approach of 
daily intake on the basis of radionuclide content 
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Table 1. 


RPG for in- 
dividual in the 
general 
population 


Nuclide Critical organ 


Bone marrow 
Bone 

Bone marrow 
Thyroid 
Whole body 


Strontium-90- 


ona008 


Iodine-1:31____- 


| 
| 
| 
| 
Strontium-89___.____- Bone 
Cesium-137°__ _- 7. 
| 


(rad /a) RPG 
(rad /a) 


Radiation Protection Guides—FRC recommendations and related information pertaining to 
environmental levels during normal peacetime operation 


Guidance for suitable samples of exposed population group* 


Corresponding con- 
tinuous daily intake 
(pCi/day) } 


Range I> 
(pCi/day) 


Range II! 
(pCi/day) 


Range II1> 
(pCi/day) 


«2,000 0-200 200-2 ,000 2 ,000-20 ,000 


4 200 | 0-20 20-200 200-2 ,000 
100 | 0-10 
3,600 | 0-360 


10-100 
360-3 ,600 


100-1 ,000 
3 ,600-36 ,000 


a Suitable samples which represent the limiting conditions for this guidance are: strontium-—89, strontium—90—general population; iodine-131—children 


1 year of age; cesium—137—infants. 
» Based on an average intake of 1 liter of milk per day. 


¢ A dose of 1.5 rad/a to the bone is estimated to result in a dose of 0.5 radsa to the bone marrow. 


4 For strontium-89 and strontium—90, the Council's study indicated that there is currently no operational requirement for an intake value a 


s high as 


one corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG, 
¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 


in milk samples collected to represent general 
population consumption. Under these assump- 
tions, the radionuclide concentrations in pCi 
liter of milk can replace the daily radionuclide 
intake in pCi/day in the three graded ranges. 


Protective Action Guides (10, 11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population that 
warrants protective action following a _ con- 
taminating event. A PAG provides general 
guidance for the protection of the population 
against exposure by ingestion of contaminated 
foods resulting from the accidental release or 
the unforeseen dispersal of radioactive materials 


Table 2. 


Radionuclide Critical organ 


(rads) 


Strontium-89_________ 
Strontium-90 


Bone marrow 
Bone marrow 


15%.b 


Cesium-137 Whole body 





Todine-131 








PAG for individuals ame 
in general population | 


10 in first yr; total 
dose not to exceed 


i i ne i 


in the environment. A PAG is also based on the 
assumption that such an occurrence is an unlikely 
event, and circumstances that might involve the 
probability of repetitive occurrences during a 
1 or 2-year period in a particular area would 
require special consideration. Protective actions 
are appropriate when the health benefits as- 
sociated with the reduction in exposure to be 
achieved are sufficient to offset the undesirable 
features of the protective actions. 

Table 2 presents a summary of guidelines as 
set forth by the FRC for the conditions under 
which PAG’s are applicable. A more detailed 
discussion of these values was presented earlier 
(3). Also given in table 2 are milk concentra- 
tion for each of the radionuclides considered, in 
the absence of others, which if attained after an 


Protective Action Guides—FRC recommendations and related information 


Category (pasture-cow-milk) 


Guidance for suitable sample, children 1 year of age 


Maximum concentration 
in milk for single nuclide 
PAG that would result 
(rads) in PAG 
(pCi/liter) 


¢ 1,110,000 
3 in first yr; total dose ¢ 51,000 


not to exceed 5%.» 





© 720,000 





470,000 


10: 


® The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the 


numerical value of the respective guide. 


; > Total dose from strontium-89 and cesium -137 is the same as dose in first year; total dose from strontium-90 
is 5 times strontium-90 dose in first year for children approximately 1 year of age. 
© These values represent concentrations that would result in doses to the bone marrow or whole body equal to 


the PAG, if only the single radionuclide were present. 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum con- 
centration observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result in a 
PAG dose if that portion of intake prior to the maximum concentration in milk is not considered. Children, 1 year 
of age, are assumed to be the critical segment of the population. 
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Figure 2. 


acute incident, would result in doses equivalent 
to the appropriate PAG. These concentrations 
are based on a projection of the maximum con- 
centration from an idealized model for any acute 
deposition and the pasture-cow-milk-man path- 
way, as well as an estimate of the intake prior 
to reaching the maximum concentration. There- 
fore, these maximum concentrations are intended 
for use in estimating future intake on the basis of 
a few early samples rather than in retrospective 
manner. 


Data reporting format 


Table 3 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health 
Data and Reports. (The relationship between the 
PMN stations and State stations is shown in 
figure 2). The first column under each of the 
radionuclides reported gives the monthly average 
for the station and the number of samples analyzed 
in that month in parentheses. When an individual 
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State and PMN milk sampling locations in the United States 


sampling result is equal to or below the practical 
reporting level for the radionuclide, a value of 
zero is used for averaging. Monthly averages are 
calculated using the above convention. Averages 
which are equal to or less than the practical re- 
porting levels reflect the presence of radioactivity 
in some of the individual samples greater than 
the practical reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average 
for the station as calculated from the preceding 
12-monthly averages, giving each monthly aver- 
age equal weight. Since the daily intake of radio- 
activity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 


Discussion of current data 
In table 3, surveillance results are given for 
strontium-90, iodine-131, and cesium-137 for 


May 1970 and the 12-month period, June 1969 
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Table 3. Concentration of radionuclides in milk for May 1970 and 12-month period 
June 1969 through May 1970 


Sampling location Strontium 90 


UNITED STATES 


Ala: Montgomery 

Alaska Palmer 

Ariz: Phoenix 

Ark Little Rock« 

Calif Sacramento 
San Francisco 
Del Norte 
Fresno 
Humboldt 
Los Angeles 
Mendocino 
Sacramento 
San Diego 
Santa Clara 
Shasta 
Sonoma 
Denver 
West 
Northeast 
east 
Southeast 
South central 
Southwest 
Northwest 

Conn Hartford 
Central 
Wilmington 
Washington 
Tampa‘ 
West 
North 
Northeast 
Central 
Tampa Bay area 
Southeast 

Ga Atlanta: 

Hawaii Honolulu 
Idaho Falls 
Chicagor 
Indianapolis 
Northeast 
Southeast 
Central 
Southwest 
Northwest 
Des Moines 
Iowa City 
Des Moines 
Spencer 
Fredericksburg 
Wichita 
Louisville 
New Orleans* 
Portland 
Baltimore 
Boston‘ 
Detroit 
Grand Rapids* 
Bay City 
Charlevoix 
Detroit 
Grand Rapids 
Lansing 
Marquette 
Monroe 
South Haven 

Minn Minneapolis‘ 
Bemidji 
Mankato 
Rochester 
Duluth 
W orthington 
Minneapolis 
Fergus Falls 
Little Falls 


Jackson 


See footnotes at end of tabl 
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Table 3. Concentrations of radionuclides in milk for May 1970 and 12-month period 
June 1969 through May 1970—Continued 


| 


Radionuclide concentration 
(pCi /liter) 


Type | 
Sampling location of Strontium—90 lodine-131 Cesium-—137 
samples 


Monthly 12-month Monthly 12-month Monthly 12-month 
average! average average’ average average! average 


UNITED STATES— Continued 


N.H Manchester® 

N.J Trenton 

N. Mex: Albuquerque 

N.% Buffalo 
New York City‘ 
Syracuse® 
Albany 
Buffalo 
Massena 
Newburg 
New York City 
Syracuse 

N.¢ Charlotte 

N. Dak Minot* 

Ohio: Cincinnati 
Cleveland: 

Oklahoma Oklahoma City‘ 
Oklahoma City 
nid 
lulsa 
Lawton 
Ardmore 
Portland: 
Baker 
Coos Bay 
ugene 
Medford 
Portland composite 
Portland local 
Redmond 
Tillamook 
Philadelphia‘ 
Pittsburgh« 
Dauphin 


ee 


rrie 
Philadelphia 
Pittsburgh 
Providence* 
Charleston‘ 
Rapid City* 
Chattanooga‘ 
Memphis* 
Chattanooga 
Clinton 
Knoxville 
Nashville 
Fayetteville 
Austin® 
Dallase 
Amarillo 
Corpus Christi 
I] Paso 
Fort Worth 
Harlingen 
Houston 
Lubbock 
Midland 
San Antonio 
Texarkana 
Tyler 
Uvalde 
Wichita Falls 
Salt Lake City: 
Burlingtone 
Norfolk¢ 
Seattle 
Spokane‘ 
Benton County 
Franklin County 
Sandpoint, Idaho 
Skagit County 

W. Va Charleston¢ 

Wise Milwaukees 


Wyo: Laramice 


Dame ewes 


eon | 


CANADA 


Alberta Calgary 
Edmonton 

British Columbia: Vancouver 

Manitoba Winnipeg 


See footnotes at end of table. 
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Table 3. 


Concentrations of radionuclides in milk for May 1970 and 12-month period 


June 1969 through May 1970—C continue od 





New Brunswick: 


Newfoundland: 
Nova Scotia: 
Ontario: 


Quebec: 


Saskatchewan 


CENTRAL 


Colombia: 
Chile: 
Ecuador: 
Jamaica: 
Venezuela: 
Canal Zone: 
Puerto Rico: 


AND SOUTH 


Sampling location 


Frederickton 
St. Johns 
Halifax 

Ft. William 
Ottawa _ - 
Sault Ste. 
Toronto 
Windsor. 
Montreal 
Quebec 
Regina____-- 
Saskatoon 


Marie_ 


Bogota _ _- 
Santiago 
Guayaquil____ 
Mandeville 
Caracas 
Cristobale 

San Juane 


AMERICA: 


Type 
of 


sample* 








Strontium—90 


Monthly 
average” 


ocow 


onmenw 


Radionuclide concentration 
(pCi/liter) 


Todine-131 


Monthly 


average» 


Cesium-137 


12-month 
average 


Monthly 
avers age’ 


12-month 


12-month 
average 


| 
A 
n | : 
> 
eo | 8 








. 





PMN Network average! : 





a P, pasteurized milk. R, raw milk. 


» When an individual sampling result was equal to or less than the practical reporting level, 


oo 


| 


a value of ‘ 


)” was used for averaging. 


Monthly 


avcrages 


less than the practical reporting level reflect the fact that some but not all of the individual samples me + an the average contained levels greater than 


the practical reporting level. 
give a in parentheses. 
¢ PHS Pasteurized Milk Network station. 


4 Radionuclide analysis not routinely performed. 
eT 


When more than one 


less than the following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 

Oregon—15 pCi/liter 


Cesium-137: 


Colorado 


Oregon 


analysis was made in a monthly period, the 


25 pCi/liter 
New York 20 pCi/liter 
pCi/liter 


All other sampling locations are part of the State or National network. 


Strontium-90: New York 


number of samples in the 


monthly average is 


1e practical re porting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or 


3 pCi/liter 


f This entry gives the average radionuclide concentrations for the PHS mead oe i Milk Network stations denoted by footnote ¢. 
* Monthly samples were collected and composited for quarterly analysis of strontium-90. 


NA, no analysis. 
NS, no sample collected. 


to May 1970. Except where noted, the monthly 
average represents a single sample for the sampling 
station. Strontium-89 and barium-140 data have 
been omitted from table 3 since levels at the great 
majority of the stations for May 1970 were below 
the respective practical reporting levels. Table 
4 gives monthly averages for those stations at 
which strontium-89 was detected. 

Iodine-131 results are included in the table, 
even though they were generally below practical 
reporting levels. Because of the lower values 
reflected by the radiation protection guidance 
provided by the Federal Radiation Council 
(table 1), levels in milk for this radionuclide are 
of particular public health interest. In general, 
the practical reporting level for iodine-131 is 
numerically equal to the upper value of Range I 
(10 pCi/liter) of the FRC radiation protection 
guide. 
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Table 4. 


Sampling location 


a: Palmer (PMN) 


Del Norte (State) 
Humboldt (State) 
Shasta (State) 
Louisville (PMN) 
New Orleans (PMN) 
St. Louis (PMN)_- 
Massena (State) 
Portland (PMN) 
Dallas (PMN) 


Tex: 
’. Va: Charleston (PMN) 


Strontium-89 in milk, May 1970 


Radionuclide concentration 
(pCi /liter) 


Strontium-90 monthly averages ranged from 
0 to 25 pCi/liter in the United States for the 
month of May 1970, and the highest 12-month 


average was 20 pCi/liter 


(Del Norte, Calif.) 


representing 10.0 percent of the Federal Radia- 
tion Council radiation protection guide (table 
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1). Cesium-137 monthly averages ranged from 0 
to 53 pCi/liter in the United States for May 1970, 
and the highest 12-month average was 79 pCi/ 
liter (Southeast Fla.), representing 2.2 percent of 
the value presented in this report using the recom- 
mendations given in the Federal Radiation Council 
reports. Of particular interest are the consistently 
higher cesium-137 levels that have been observed 
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Kansas Milk Network, January-December 1969 


Radiation Control Section 
Kansas State Health Department 


The Radiation Control Section of the Kansas 
State Health Department maintains a program 
for analysis of pasteurized milk for strontium-89, 
strontium-90, and gamma-ray emitting radio- 
nuclides. Monthly milk samples are collected 
from six major consumption areas within Kansas. 
In addition, a sample is collected every other 
month in the Falls City, Nebr. area for the pur- 
pose of establishing baseline data to be used for 


environmental studies in connection with the 
commercial power reactor under construction at 
Brownville, Nebr. Brownville is located 22 miles 
north of the Kansas border. Figure 1 shows the 
various sampling sites. The Wichita and Kansas 
City samples are “split’’ samples which are 
analyzed by Kansas and the Public Health Ser- 
vice’s Southwestern Radiological Health Labora- 
tory (SWRHL). 
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Kansas milk sampling stations 





Table 1. 


Month 


Dodge City- 
Coffeyville 
Hays 
Kansas City 
Falls City - 
Topeka 
Wichita _ - 
Dodge City 
Coffeyville_ 
Hays 
Kansas City 
Falls Cit+ 
Topeka- 
Wichita- 
Dodge City 
Coffeyville_ 
Hays 
Kansas City 
Falls City 
Topeka 
Wichita 
Dodge City 
Coffeyville 
| Hays i 
Kansas City 
Falls City 
Topeka --<- 
Wichita 
Dodge City 
Coffeyville_ 
| Hays 
Kansas City 
Falls City 
Topeka 
Wichita 
June Dodge City 
Coffeyville 
lays 


January 


February 





April 


Falls City 
Topeka 
Wichita 
Dodge City 
Coffeyville. 
Hays 
Kansas City 
Falls City 
Topeka 
Wichita 
Dodge City 
Coffeyville_ 
Hays _ - 
Kansas City 
Falls City 
Topeka 
Wichita 


August 


September 
Coffeyville 
Hays 
Kansas City 
Falls City - 
Topeka 
Wichita 
October 
Coffeyville_ 

ays , 
Kansas City 
Falls City 
Topeka 
Wichita 
Nove mber 
Coffeyville 
Hays 
Kansas City 
Falls City 
Topeka 
Wichita __- 
Dodge City- 
Coffeyville__ 
Hays 


December 


Falls City 
Topeka 





ND, nondetectable. 
NS, no sample. 


Radionuclide and stable element concentration in Kansas pasteurized milk, 1969 


Location 


Kansas City - 


Dodge City_- 


Dodge City__ ; 


Dodge City_- 


Kansas City _ 
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Analytical procedures 


Each 3-1/2 liter sample is analyzed by gamma- 
ray scintillation spectrometry for barium-140, 
cesium-137, iodine-131, and potassium-40 (1-2). 
Strontium-89 and _ strontium-90 concentrations 
are determined radiochemically using ion exchange 
procedures (3). Chemical analyses for stable 
calcium have been made since 1968. Chemical 
analysis for potassium was begun in May 1970. 


Results 


Table I shows the stable element and radio- 
nuclide concentration in the Kansas pasteurized 
milk network for January-December 1969. No 
significant strontium-89 or barium-140 concen- 
trations were found during this period except for 


Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake 
of selected radionuclides on a continuing basis. 
These estimates, along with the guidance de- 
veloped by the Federal Radiation Council, provide 
a basis for evaluating the significance of radio- 
activity in foods and diet. 


the following barium-140 concentrations: Sep- 
tember, Coffeyville, 11 pCi/liter; Kansas City, 
16 pCi/liter; October, Hays, 11 pCi/liter; and 
December, Wichita, 14 pCi/liter. 


REFERENCES 


(1) KANSAS STATE DEPARTMENT OF HEALTH. 
Radiochemistry Laboratory Manual. 

2) PORTER, C. R., R. J. AUGUSTINE, J. MATUSEK, 
JR., and M. W. CARTER. Procedures for Determining 
Stable Nuclides in Environmental Samples, PHS Pub- 
lication 999-RH-10. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402 
(January 1965). 


(3) PORTER, C. D., R. SCHNEIDER, P. ROBBINS, 
W. PERRY, and B. KAHN. Improved determinations 
of strontium—90 in milk by an ion-exchange method. 
Anal Chem 36:676-678 (March 1964). 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows. 


Program 
California Diet Study 


Connecticut Diet Study 


Radionuclides in Institutional 
Diet Samples, PHS 

Strontium-—90 in Tri-City 
Diets, HASL 


September 1970 


Period reported 


October-December 1968 and 
January—March 1969 
July-December 1968 and 
January-June 1969 
October-December 1969 and 
annual summary 1969 
June—December 1969 





Issue 
May 1970 
February 1970 


August 1970 
June 1970 











SECTION II. WATER 


The Public Health Service, the Federal Water 
Quality Administration and other Federal, State, 
and local agencies operate extensive water quality 
sampling and analysis programs for surface, 
ground, and treated water. Most of these programs 
include determinations of gross beta and gross 
alpha radioactivity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health im- 
portance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for ap- 
proval of a drinking water supply containing ra- 
dium-226 and strontium-90 as 3 pCi/liter and 
10 pCi/liter, respectively. Limits may be set 


Water sampling program 





Period reported 


higher if the total intake of radioactivity from 
all sources remains within the guides recommended 
by FRC for control action. In the known absence! 
of strontium-90 and alpha-particle emitters, the 
limit is 1,000 pCi/liter gross beta radioactivity, 
except when additional analysis indicates that 
concentrations of radionuclides are not likely 
to cause exposures greater than the limits in- 
dicated by the Radiation Protection Guides. 
Surveillance data from a number of Federal and 
State programs are published periodically to 
show current and long-range trends. Water 
sampling activities recently reported in Radio- 
logical Health Data and Reports are listed below. 


' Absence is taken to mean a negligible small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for un- 
identified alpha-particle emitters and strontium-90, re- 
spectively. 


Issue 





California 

Minnesota 

New York 

North Carolina 

Radiostrontium in Tap 
Water, HASL 

Tritium Network 

Washington 


REFERENCES 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking water 
standards, revised 1962, PHS Publication No. 956. 
Superintendent of Documents, U.S. Government Printing 
Office, Washington, D. C. 20402 (March 1963). 

(2) FEDERAL RADIATION COUNCIL. Radiation Pro- 
tection Guidance for Federal Agencies. Memorandum 
for the President, September 1961. Reprint from the 
Federal Register of September 26, 1961. 


September 1970 


July-December 1968 
January—June 1969 
January—June 1969 
January—December 1967 


January—December 1969 
July-December 1969 
July 1967-June 1968 


August 1970 
January 1970 
June 1970 
May 1969 


July 1970 
July 1970 
June 1969 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 1. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (May 1960). 

(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 2. Supreintendent of Documents. 
U.S. Government Printing Office, Washington, D.C. 
20402 (September 1961). 
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Radioactivity in Kansas Surface Waters, January-December 1969 


Kansas State Department of Health 
Radiological Health Section 


Levels of radioactivity in the surface waters of 
Kansas are monitored by the Kansas State De- 
partment of Health, Radiation Control Section, 
in cooperation with the Radiological Laboratory 
and Water Data Analysis Section. This surveil- 
lance program is important because of both the 
present and future potential use of Kansas sur- 
face waters for domestic, recreational, and in- 
dustrial purposes. 

Liter samples are collected every month at 
each location shown in figure 1. These samples 
are analyzed for gross alpha and beta radio- 
activity. Radioactivity in these waters consists 
of the natural radioactivity picked up by flowing 
streams and percolating ground water, radio- 
activity from sewage discharge into the streams, 
and some contribution by industrial waste. The 
final contributing factor to radioactivity content 
is fallout, particularly over large expanses of 
open water, such as reservoirs and lakes. 


Analytical procedures 


Radioactivity analyses are performed by the 


Kansas Radiological Health Laboratory. Measure- 
ments of gross alpha-plus-beta radioactivity in 
total solids are made with a windowless-gas-flow 
proportional counter. Each sample is evaporated 
on an aluminum planchet, dried at 250° C., and 
then counted. Specific radionuclide analyses are 
made by gamma spectroscopy or chemical sep- 
aration. 


Discussion 


Table 1 shows the gross alpha and gross beta 
radioactivity in the total solids in Kansas sur- 
face waters from January through December 
1969. These waters are used for domestic, in- 
industrial, and recreational purposes. 

At the present time, there is only one surface 
water sampling station in western Kansas, at 
Dodge City. This is partly because of the scarcity 
of surface water in this region. Plans for the 
future include the development of at least five 
sampling points in the western portion of the 
State. 





eam 
| ys 


NEBRASKA 


~*~, 





_ g* 
DODGE City v7, 


\ 





7. 
OKLAHOMA 


GLEN ELDER 
TESCOTT 
ELLSWORTH 
. oe 
— GQ PECK 


@ Woter sampling stations 


CONCORDIA 


MANHATTAN 
MILFORD LECOMPTON 


OTTAWA 


BURLINGTON 


_, 
COYVILLE 
FREDONIA@® 
— 
‘ ~~ 
Awe 
WINFIELD (NOEPENDHNCE 


ARKANSAS CITY @ TER SPRINGS! 
L 


a Pee 
0 25 50 ' 
Scale in Miles L 


MISSOURI 








Figure 1. 


Kansas surface water sampling stations 
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Rivers 


Arkansas 


Big Blue 
Fall 


Kansas__- 
Marais Des Cygnes_ 


Neosho 


Ninnescah 
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Saline_- 
Smoky Hill 
Solomon- 
Spring 


Verdigris 


Walnut 


Arkansas City 
Dodge City 


Manhattan 


Eureka 
Fredonia 


Lecompton 
Ottawa 
Americus 
Burlington 
Parsons 
Peck 


Concordia 
Milford 


Tescott 
Ellsworth 
Glenn Elder 
Baxter Springs 


Coyville_- 
Independence 





| Winfield _ 


Table 1. Gross radioactivity in Kansas surface waters, January-December 1969 


Radioactivity concentration 
(pCi /liter) 


Sampling stations 


January February March April May June 


| Alpha | Beta | Alpha| Beta | Alpha! Bet: Alpha Alpha} Beta | Alpha! Beta 


ND : ie 410 ’ 10 
665 : . » 60 , 93 





Table 1. 


Gross radioactivity 





Rivers 


Arkansas 
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Fall... 


Kansas 
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Ninnescah 
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Saline _- 
Smoky Hill 
Solomon. 
Spring 


Verdigris 
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® When the counting rate of the sample is not equal to at least twice the 95-perce 


best available estimate. 


September 1970 


Sampling stations 


in Kansas surface waters, January-December 1969— (Continued ) 
Radioactivity concentration 
(pCi/liter) 


| | 
| 
October November 


September 


December 


Beta | Alpha | Beta | Alpha | Beta 

. e: | 
54 6 631 » 46 ‘ © 19 p ‘11 
ND | 239 240 | N i 31 16 | 


i | 
Alpha | Beta |Alpha Alpha | Beta | Alpha Beta 


| 
| 
| August 
| 
| 
| 
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ND 
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nt error, the value reported is not statistically significant but is the 


NS, no sample. ND, nondetectable, 
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SECTION III. AIR 


Radioactivity in Airborne Particulates 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest indi- 
cations of changes in environmental fission product 
radioactivity. To date, this surveillance has been 
confined chiefly to gross beta radioanalysis. Al- 
though such data are insufficient to assess total 
human radiation exposure from fallout, they can 
be used to determine when to modify monitoring 
in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized period- 


Network 


Fallout in the United States and 
Other Areas, HASL 

Plutonium in Airborne Particulates 
and Precipitation, PHS 


September 1970 


January—June 1968 


January-March 1969 


AND DEPOSITION 


and Precipitation 


ically to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of the 
U.S. Public Health Service, the Canadian Depart- 
ment of National Health and Welfare, the Mexican 
Commission of Nuclear Energy, and the Pan 
American Health Organization. 

In addition to those programs presented in 
this issue, the following programs were previously 
covered in Radiological Health Data and Reports: 


Period Issue 
October 1969 


August 1970 





1. Radiation Alert Network 
May 1970 


National Air Pollution Control Administration 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations are 
operated by State health department personnel. 
On January 1, 1970, the operation of the RAN 
was transferred from the Bureau of Radiological 
Health to the National Air Pollution Control 
Administration (NAPCA). This transfer was 
completed in May 1970. 

The station operators perform “‘field estimates”’ 
on the airborne particulate samples at 5 hours 
after collection, when most of the radon daughter 


products have decayed, and at 29 hours after 
collection, when most of the thoron daughter 
products have decayed. They also perform field 
estimates on dried precipitation samples and 
report all results to appropriate NAPCA officials 
by mail or telephone depending on levels found. 
A compilation of the daily field estimates is 
available upon request from the Data Acquisition 
and Analysis Branch, Division of Air Quality 
Emission Data, NAPCA, Cincinnati, Ohio. A 
detailed description of the sampling and analyti- 
cal procedures was presented in the April 1968 
issue Of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate technique, during May 1970. 
Time profiles of gross beta radioactivity in air 
for eight Radiation Alert Network stations are 
shown in figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Figure l. 


Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, May 1970 


Precipitation 


Last 
profile 


| | 
| Air surveillance 
| 
| 
| 
} 


| Gross beta radioactivity | 
Station location Number (pCi/m’) 
of 


samples 


Field estimation of deposition 
in Number | Potal 
RHDE&R of | depth | 

| | samples (mm) | Number Depth Total 
} 


| 
Maximum |} Minimum | Average | of 


} (mm) deposition 
| samples | | (nCi/m?) 
Montgomery 2% | | Dee 69 
Adak , Oct 70 
Anchorage June 70 
Attu Island Jan 70 
Fairbanks July 70 
Juneau Aug 70 
Kodiak Sept 70 
Nome K : Mar 70 
Point Barrow : Feb 70 
St. Paul Island _- b Apr 70 


Phoenix : ‘ Aug 70 
Little Rock June 70 
Berkeley __._ _- Sept 70 
Los Angeles p Mar 70 
Ancon i Sept 70 
Denver ‘ 5 | Sept 70 
Hartford _- : > July 70 
Dover-.--. e May 70 
Washington__- 2 Feb 70 
Jacksonville __ 


June 70 
Miami-__-_- 


July 70 


Atlanta__- : , Apr 70 
Agana__- ’ May 70 
Honolulu _ _- 26 Jan 70 
Boise - _ _ _- ¢ ‘ ‘ Jan 70 
Springfield : : Feb 70 
Indianapolis___ , Apr 70 
Iowa City : Sept 70 
Topeka-___--- . ‘ June 70 
Frankfort_ ‘ : Feb 70 
New Orleans j Feb 70 





Maine: Augusta Aug 70 
Md: Baltimore__ 2 July 70 
Rockville Jan 70 
Mass: Lawrence ‘ Sept 70 
Winchester- ¢ , Dee 69 
Mich: Lansing ‘ ‘ , Jan 70 
Minneapolis ; 2 . May 70 


. Q Aug 70 
Jefferson City - , Apr 70 


ae 3 d Dec 69 
Lincoln... -....- ‘ j j ‘ Apr 70 
Las Vegas_-_-. K ‘ July 70 
Concord -- , Feb 70 
Trenton _ _- { ¢ Aug 70 
: Santa Fe___ i y Dec 69 
Albany tive ; Apr 70 
Sea § : Sept 70 
New York City__- : , Dec 69 


N.C: Gastonia____ ¢ 2 ; Sept 70 

N. Dak: Bismarck --_- . : d Feb 70 

Ohio: Cincinnati _ _ - , May 70 
Columbus--__- ¢ ‘ Aug 70 
Painesville____ July 70 
Oklahoma City_- ) Jan 70 
Ponca City - aa { 5 2 | July 70 
Portland. ‘ Apr 70 
Harrisburg_- ‘ Apr 70 
San Juan Aug 70 
Providence__ Jan 70 
Columbia. - - 5 5 Dee 69 
Pierre _ Aug 70 





Jan 70 


El Paso-____- 
Salt Lake City 
Barre _ - 

Va: Richmond 

Wash: Seattle 
Spokane - - 
Charleston 
Madison_- 








July 70 3 4 























9 4 | 65 | 








« The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
No report received. (Air samples received without field estimate data are not considered by the data program.) 

¢ No precipitation sample collected. 

4 This station is part of the plutonium in precipitation network. No gross beta measurements are done. 

¢ Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1964—-May 1970 
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2. Canadian Air and Precipitation Monitoring 


Program,' May 1970 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 3), where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Depart- 
ment of Transport. Detailed discussions of the 
sampling procedures, methods of analysis, and 
interpretation of results of the radioactive fallout 
program are contained in reports of the Depart- 
ment of National Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 
1969 issue of Radiological Health Data and Reports. 


1 Prepared from information and data obtained from the 


Canadian Department of National Health and Welfare, 
Ottawa, Canada. 


Surface air and precipitation data for May 
1970 are presented in table 2. 


Table 2. 


Station 


Calgary 

Coral Harbour 
Edmonton 

Ft. Churchill 


Fredericton 
Goose Bay 
Halifax 
Inuvik_ 


Montreal 
Moosonce 
Ottawa 
Quebec 


Regina 
Resolute 

St. John's, Nfid 
Saskatoon 


Sault Ste. Maric 
Thunder Bay 
Toronto 
Vancouver 


Whitehorse 
Windsor - 
Winnipeg 
Yellowknife 


Network summary 


Number 
of 


samples 


| 


; 
| 


Air surveillance gross 


beta radioactivity 
(pCi/m’) 


|Maxi- | Mini- 


mum | mum 


| Average 
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Figure 3. 


September 1970 


Canadian air and precipitation sampling stations 


Prec 


Canadian gross beta radioactivity in surface 
air and precipitation, May 1970 


‘ipitation 


measurements 


Average 
concen- 


tratio 


(pCi/ 


liter) 


Total 
deposi- 
n tion 
(nCi/m*) 








3. Pan American Air Sampling Program 


May 1970 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. 

The air sampling station locations are shown 
in figure 4. Analytical techniques were described 
in the January 1968 issue of Radiological Health 
Data and Reports. The May 1970 air monitoring 
results from the participating countries are given 
in table 3. 
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Figure 4. Pan American Air Sampling Program 
stations 


Table 3. 


Summary of gross beta radioactivity in Pan 
American surface air, May 1970 


Gross beta radioactivity 
1 i ; Number (pCi/m*) 
Station location o 


samples 


Maximum | Minimum | Average* 


Buenos Aires_ NS NS NS NS 

La Paz NS NS NS NS 
Chile: Santiago __- ( ‘ 0.05 
Colombia: Bogota 
Ecuador: Cuenca ‘ NS NS NS NS 
Guayaquil. __- : 4 ‘ 
Quito___-_ NS NS NS NS 
Georgetown 23 2% 
Kingston__ 
Peru: Lima 
Venezuela: Caracas__ 


Argentina: 
Bolivia: 





Guyana: 
Jamaica: 


NS 





| 
West Indies: Trinidad ; | 
| 


Pan American summary 126 0.69 0.06 








* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m! are reported 
and used in averaging as 0.00 pCi/m!. 

» Motor failure. 

NS, no sample. 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other media 
not reported in the previous sections. Included 


here are such data as those obtained from human 
bone sampling, Alaskan surveillance, and en- 
vironmental monitoring around nuclear facilities. 


Strontium-90 in Human Bone, October-December 1969' 


Bureau of Radiological Health 
U.S. Public Health Service 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical region, 
the Public Health Service began collecting human 
bone specimens in late 1961. Analyses of selected 
samples of people in older-age groups have shown 
their bone strontium-90 content to be low and 
age-independent (1). Consequently, the target 
population includes children and young adults 
up to 25 years of age. 

Although a few samples come from living per- 
sons as a result of surgical procedures, the ma- 
jority are obtained post mortem. In the latter 
case, the specimens are limited to accident victims 


1 Period during which death or surgical procedure oc- 
curred. 


or persons who have died of an acute disease 
process that was not likely to impair bone metabo- 
lism. For analytical purposes, a sample of at 
least 100 grams of wet bone is desired. Generally, 
this amount is readily available from older chil- 
dren, but it presents some difficulties from the 
standpoint of infants and children under 5 years 
of age. Most specimens received to date have been 
vertebrae and ribs. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the Bureau 
of Radiological Health, at Winchester, Mass. 
Sample collection and preparation are explained 














Figure 1. 
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Geographical regions for human bone sampling 








Bone region and State 


New York___- 


Rhode Island 
New York__- 


Rhode Island 
Southeast: 


North Carolina 
South Carolina__-_-- 


Maryland ne 
South Carolina__-_- 
Maryland 
Georgia -- - - - - 
Maryland - - -- 


South Carolina_-- 
Maryland _ - 


South Carolina_- 
Maryland - - - - 


South Carolina__-- 
Maryland _ - 


Tennessee _ _ - 
Central: 


Ohio-_-- -- 
Wisconsin -- _- 
See 
Wisconsin 


Ohio__-_- 


Wisconsin 
Ohio-__-_-- 


Michigan_-_- 
Ohio___--_- 


secietcess 
Minnesota__-_- 
Ohio 


Minnesota _-_-_-- - 
i | ee 


Minnesota..........--.-- 


Michigan__-_- 
la 
Michigan-.-.-_-- - 





See footnotes at end of table. 


Bone 
type 


Lead nhaecccace 


y 
Vv 
y 
Vv 
Vv 
y 
v 
Vv 
Vv 
v 
Vv 
V 
Vv 
v 
Vv 
Vv 
V 
Vv 
Vv 
Vv 
Vv 
V 
Vv 
Vv 
Vv 
\ 

Vv 


et 


mL<iss 


Adiicicic 








Age 
(years) 


OX2UUUIRP WK CWOBPLWOWN 


Ins 








Sex 





Strontium-90 
concentration® 
(pCi/kg bone) 


UNOnNwOD> 


118.0+13. 
172.0415. 
148.0+12. 
90.94 9.5 
88.5410. 
89.3413. 
130.0+12. 
102.04 9.5 
80.9+ 9.2 
99.64 9. 
115.0+12. 
41.7+ 7.% 
160.0412. 
126.0412. 
71.04 9. 


87.4+ 8.6 
82.24 9. 
129.0411. 
73.44 7. 
31.74 6.§ 


153.0+14. 
47.44 7. 
36.64 6. 


79.1410.( 
82.34 8.6 
99.7 +10. 


72.84 7.§ 
145.0415. 
107 .0+13. 
84.7+ 9. 
109.0411. 
192.0415 
110.0+ 9. 
95.9412 
162.0+14 
242.0+18. 
77.6+ 8. 
73.64 7 
115.0413. 
146.0+10. 
209.0416 
70.44 8. 
72.34 9. 
94.34 9 
95.4411. 
152.0415. 
101.0+27. 
139.0412. 
97.5412. 
62.9+ 8. 
82.3+11. 
91.0412. 
89.7+14. 
64.7+ 9. 
102.0+ 9. 
83.7+11. 
95.0+ 8.6 


SeNSSOROSOSCOH MRS SONNSOSOOUSCON 


Table 1. - Strontium-90.in human bene, October-December 1969 — 


Calcium Sr/Ca 
concentration (pCi/z) 
(g/kg bone) 
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Table 1. 


Strontium-90 in human bone, October-December 1969—Continued 





Bone 
type 


Age: 


Bone region and State (years) 


ee 


“fis 


Northwest: 


Oregon__-_-_---- 


Washington________- 
_—,—s—s a 


4A SSS 


Southwest: 


Colorado 


<<< 


North: 


Alaska____._.-- 


<<< 











Sex Strontium-90 
concentration: 
(pCi/kg bone) 


Calcium 
concentration 
(g/kg bone) 


Sr/Ca 
(pCi/g) 


103.0+ 8.1 
138 .0+13.0 
92.4+13.0 
5.0+ 8. 
5.84 7.4 


3.64 9.6 
9.3+ 6. 
26.0+10. 
57.44 6.3 
28.0+11. 

9+ 9.1! 














® Type of bone, V, vertebrae; R, rib; S, sternum; T, tibia; F, femur. 


b Age given as of last birthday prior to death. 
¢ Two-sigma counting error. 


elsewhere (2). Strontium-90 is measured by tri- 
butyl phosphate extraction of its yttrium daughter, 
which is precipitated as an oxalate. The stron- 
tium-90 content is then calculated (3) from the 
yttrium-90 activity. For the purpose of main- 
taining analytical reproducibility, “blind’’ dupli- 
cate analyses are performed on 10 to 20 percent 
of the samples. 

The analytical results for strontium-90 in 
individual bones from persons dying during the 
fourth quarter.-(October-~December) ‘of 1969 -are 
presented in table 1 in order of increasing age 
- within each geographical region. These regions 
are indicated in figure 1. Reported values are 
given in picocuries of strontium-90 per kilogram 
of bone (as a rough indication of dose) and per 
gram of calcium (for comparison with other data 
and for purposes of model development). Two- 
sigma counting errors are reported for the bone 
concentration. 

Following the pattern of earlier reports, sub- 
sequent articles will continue to provide inter- 
pretation of the data at appropriate stages in the 
program (2-6). 
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Recent coverage in Radiological Health Data and Reports: 


Period 
January-March 1969 
April-June 1969 
July-September 1969 


Issue 
March 1970 
May 1970 
June 1970 
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Environmental Levels of Radioactivity at Atomic Energy 


Commission Installations 


The U.S. Atomic Energy Commission (AEC) 
receives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major Commission installations. 
The reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 
set forth by AEC’s Division of Operational Safety 


1. Bettis Atomic Power Laboratory’ 
January- December 1969 


Westinghouse Electric Corporation 
Pittsburgh, Pa. 


The Bettis Atomic Power Laboratory (BAPL), 
operated for the Atomic Energy Commission by 
the Westinghouse Electric Corporation, was es- 


tablished in 1949 to conduct research and develop- 
ment operations related to naval atomic propulsion 
systems and to the central station power reactor 


at Shippingport, Pa. Routine environmental 
monitoring data from the sampling locations 
shown in figure 1 show no significant contribu- 
tion from laboratory operations to environmental 
radioactivity levels. 


Gaseous radioactive waste 


The release of gaseous radioactive waste is 
monitored by continuous air sampling to assure 
compliance with laboratory regulations. The 
stack gas limits for the laboratory are based on 
the 168-hour nonoccupational maximum _per- 
missible concentrations in air as specified in AEC 
Manual Chapter 0524. At no time during 1969 
did the concentration of stack releases exceed the 
required limits. The general public outside the 
boundary of the laboratory was not exposed to 
radiation above normal background levels as a 
result of operations at Bettis. 


; * Summarized from ‘Bettis Atomic Power Laboratory, 
Environmental Monitoring Report, Calendar Year 1969” 
(WAPD-CL(RA)E-109). 
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in directives published in the “AEC Manual.”’! 

Summaries of the environmental radioactivity 
data follow for the Bettis Atomic Power Labora- 
tory, Los Alamos Scientific Laboratory and the 
Paducah Plant. 


1 Title 10, Code of Federal Regulations, Part 20, ‘‘Stan- 
dards for Protection Against Radiation’’ contains essen- 
tially the standards published in Chapter 0524 of the AEC 
Manual. 


Total gaseous radioactivity released to the 
environment during 1969 was 1.88 mCi alpha and 
less than 189 mCi beta-gamma. Due to an in- 
creased volume of air discharged, the total radio- 
activity was greater than last year’s quantities; 
the average concentration of radioactivity, how- 
ever, remained the same. 


Liquid radioactive waste 


Radioactive liquids generated in the main 
laboratory and critical facility areas are collected 
in retention tanks and sampled for radioanalysis. 
The laboratory discharge limit’ of 2,000 pCi/ 
liter is in compliance with AEC Manual Chapter 
0524. If radioactivity of liquid wastes is greater 
than the discharge limit, the water is processed by 
ion exchange or evaporation. Water less thax the 
discharge limit is: released to the storm sewer 
and diluted with laboratory coolant water, process 
water, and surface runoff water. This plant 
effluent is discharged from laboratory property 
at the three locations shown in figure 1. A com- 
posite of the main laboratory effluent released 
at location 1 is collected and analyzed weekly 
for gross radioactivity. Critical facility effluent 
suitable for release is discharged at locations 2 
and 3. 

The plant effluent water analysis data is sum- 
marized in table 1. This shows that the average 
concentration of the laboratory effluent water 
is well below the discharge limit of 2,000 pCi/ 
liter. Total radioactivity discharged from Bettis 
Laboratory during 1969 was 20.3 millicuries which 
was significantly less than the 90.3 millicuries 
released during 1968. 
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Figure 1. 


Table 1. 





Gross radioactivity 
Month (pCi/liter) 
1969 
! | 
Beta-gamma | 


Alpha 


January-March 
April—June__ 
July-September 
October-December-__- 


Summary -- 





| 
| 
|— 
| 


Main laboratory 


Bettis Atomic Power Laboratory sampling stations 


Average concentration of radioactivity in the Bettis Laboratory liquid 
effluent, January-December 1969* 


Critical facility 


Gross radioactivity 
(pCi/liter) 


Volume 
(108 gallons) 


j 
| 
| Volume 

_| (108 gallons) 


Beta-gamma Alpha» 


1,400 
, 100 
1,200 


< 240 
< 240 
350 








,200 330 





® Discharge limit 2,000 pCi/liter gross radioactivity. The critcial facility effluent is just monitored process water 
whereas the main laboratory effluent inclubes the complete storm sewer flow. : d 
b Minimum detectable level for alpha radioactivity for the analytical technique used is 240 pCi /liter. 


The average concentrations of gross beta- 
gamma radioactivity in the main laboratory 
liquid effluent during 1969 was 28 pCi/liter. This 
was lower than the average concentration of 120 
pCi/liter observed for the year 1968. 

Average radioactivity in liquid waste effluent 
from the critical facility operations during 1969 
were: alpha radioactiviy, <330 pCi/liter; beta- 
gamma radioactivity, 1.2 nCi/liter. Comparable 
values for 1968 were 610 pCi/liter for alpha 


September 1970 


radioactivity and 1.00 nCi/liter for beta-gamma 
radioactivity. 


Background monitoring stations 


Background beta-gamma radiation levels were 
continuously monitored and recorded at 34 film 
badge monitoring stations located along the 
perimeter fence of the laboratory which lies within 
the controlled confines of the Bettis Atomic 
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Power Laboratory site. In addition, control 
badges are. placed at locations not affected by 
laboratory operations. These are used to de- 
termine the net background radiation level 
contributed by the laboratory. The results 
obtained from the environmental monitoring 
film badges posted at these locations around the 
laboratory show that radiation exposure to the 
general public outside the laboratory was not 
above that received from natural background 
radiation levels. 


Stream silt 


Stream silt samples were collected periodically 
at the three discharge locations (figure 1). The 
results of analysis of these samples are presented 
in table 2. The average alpha and beta-gamma 
radioactivity concentrations of stream silt sam- 
ples for 1969 were 17.86 pCi/g and 123.95 pCi/ 
g, respectively. Although these concentrations 
represent an increase over those for 1968, they are 
consistent with concentrations detected in pre- 
vious years. 

Semiannual analyses for strontium-89 and 
strontium-90 were obtained for composites of 
silt samples. Table 3 presents the results of these 
analyses for samples collected during 1969. 


2. Los Alamos Scientific Laboratory*® 


January-December 1969 


University of California 
Los Alamos, N. Mex. 


As part of the environmental monitoring pro- 
gram at Los Alamos, measurements of beta 
radioactivity in airborne particulates and pre- 
cipitation are made periodically. The samples 
. have been taken on the roof of building TA-50 
(about 1 3/4 miles southeast of the administra- 
tration building) since March 1963. 


*Summarized from “Beta Radioactivity in Environ- 
mental Air and Precipitation at Los Alamos, New Mexico, 
for 1969”’ (LA-4388). 


478 


Table 2. 


Radioactivity in stream silt, Bettis, 1969 


Radioactivity 
} (pOi/g) 


Number 
Alpha | Beta-gamma 


| 
Range Average Range Average 


| 
| 
| 


| 
Bull Run Stream : < { 20.5 
C-Area Stream * | 
Thompson Run 

Stream 
Streets Run 

(Control Stream) 


Table 3.) Strontium-89 and strontium-90 in stream 


silt, Bettis, 1969 


| Concentration 
| (pCi/g of silt) 
Location | 


Strontium-89 Strontium-90 


Bull Run Stream 0.93 
C-Area Stream 1.04 
Thompson Run Stream 1.42 
Streets Run (Control Stream) .29 


Recent coverage in Radiological Health Data and Reports: 


Period 


January—December 1967 
January-December 1968 


Issue 


March 1969 
January 1970 


Air monitoring 


Airborne .radioactive particulate matter is 
collected on 4-inch-diameter filters. The air 
sampling rate is 25.5 m*/h. Air samples are 
ordinarily collected for 24-hour intervals during 
the work week, and weekend samples are collected 
for a 72-hour period. 

The filters are counted for beta radioactivity 
7 days after collection in a thin-window gas 
(methane) flow proportional counter with an 
overall efficiency of 50 percent for strontium- 
yttrium-90. 


Precipitation monitoring 


Collection is made in a 0.4 square meter rain 
collector which delivers 1 liter of water for each 
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0.1 inch of precipitation. It has been found that 
this arrangement collected radioactivity even 
during relatively dry periods. By washing down 
the sides of the collector with 1 liter of distilled 
water, a suitable sample is obtained. Samples 
are taken daily on workdays. These “wash” 
samples, as well as any precipitation, are reduced 
in volume, dry-plated on 1-inch stainless-steel 
planchets, and counted in an automatic beta- 
particle system, employing a gas-flow propor- 
tional, alpha and beta chamber. A cosmic-ray 
umbrella with coincidence counter cancel pro- 
vides a low background for the system. The count- 
ing efficiency is determined with a radiolead 
standard which emits 1.17 MeV beta particles. 


Table 4. 


Air 
Month (pCi/m') 


1969 


| 
Maximum Minimum 


January | 0.11 | 
February | 17 | 
March -27 | 
April .38 | 
May | 
June 

July 

August 

September 

October 

November 

December 


<0.01 
.03 


3. Paducah Plant’ 
July-December 1969 


Union Carbide Corporation 
Paducah, Ky. 


The Paducah Plant is a government-owned 
gaseous diffusion plant operated by the Nuclear 
Division of the Union Carbide Corporation for 
the Atomic Energy Commission. The diffusion 
plant processes large quantities of relatively pure 
uranium compounds. The uranium hexafluoride 
manufacturing plant, a former source of diffu- 
sion plant feed which was placed on standby in 
June of 1964, was reactivated in August 1968. 


4Summarized from “Environmental Concentrations of 
Radioactive Materials near the Paducah Plant—Report 
for the Year and the Second Half of 1969.” 
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Beta radioactivity in air 
January-Dece 


| | 
| ° 
rerage | Maximum | Minimum | 





Results 


Average daily radioactivity concentrations for 
air collected are weighted for sample periods of 
more than 1 day. Average radioactivity concen- 
trations for the precipitation collection are cal- 
culated from the total radioactivity collected 
during the month divided by the number of days 
in the month. Summary of air and precipitation 
data for January to December 1969 are summa- 
rized in table 4. 


Recent coverage in Radiological Health Data and Reports: 


Period Issue 
1968 September 1969 


and precipitation, Los Alamos 


mber 1969 


Precipitation 
(pCi /m?) 


Average | Total 
| | 


| 
0.086 | 0.001 | 0.021 | 0.644 
349 | .003 .038 | 1.065 
. 166 . 005 .036 1.118 
2.237 .007 .243 7.304 
6.958 | .05 .434 13.048 
3.723 | . 0% . 666 19.980 
.969 5 .173 | 5.391 
518 025 119 | 3.699 
274 | 080 | 2.407 
.678 | ‘ 129 | 3.991 
.070 | d -021 | .624 
.099 | .002 .021 | .640 


Parts of the associated uranium metal foundry, 
usually on standby, are operated infrequently 
as the need arises. A decontamination and urani- 
um recovery facility operates to prepare equip- 
ment for repair and to recover impure or scrap 
uranium materials. Depleted uranium metal is 
fabricated into shields, weights, ballasts, or other 
shapes on a nonroutine basis. The major sources 
of external penetrating radiation are the daughter 
products of uranium, thorium-234, and protac- 
tinium-234, which may be concentrated by urani- 
um recovery processes or by uranium hexafluoride 
vaporization. The element uranium can be a 
physiological hazard only if allowed to enter the 
body. The chemical toxicity of the uranium proc- 
essed at the Paducah Plant overshadows any 
probable biological effects of radiation from this 
element, thus making it comparable as a physio- 
logical hazard to lead, mercury, or other well- 
known heavy metals. 





The uranium enrichment areas (Cascade) oper- 
ate with a very low loss of material. Millions of 
pounds of uranium hexafluoride may be fed to, 
diffused in, and withdrawn from the cascade with 
the loss of only a few pounds per year. There is 
a slight loss of uranium to the atmosphere when 
diluent gases are purged from equipment units 
or from the cascade. Some uranium on cascade 
equipment replaced for maintenance or modifi- 
cation is removed in the decontamination facility. 

Effluents from the uranium hexafluoride manu- 
facturing plant are more significant than those 
of the diffusion cascade. The transfer of powdered 
uranium salts between the numerous processing 
reactors and intermediate storage facilities re- 
quires extensive use of vacuum or local exhaust 
systems. Various bag and pleated filter units 
are used to remove uranium from exhaust air. 
The product uranium hexafluoride is separated 
from entrained solids, excess fluorine, and diluent 
gases by a series of filters, cold condensers, and 
fluid bed absorbers. A small fraction of the input 
to this plant constituting a significant amount of 
uranium is not reacted to uranium hexafluoride 
and must be processed through uranium recovery 
at the decontamination facility. Beta radioactive 
uranium decay products which separate from the 
uranium hexafluoride at fluorination are also in 
this material flow. 

The environmental monitoring program pro- 
vides for continuously sampling the air at four 
stations around the plant perimeter fence, and at 


five stations located approximately 1 mile out- 
side this fence (figure 2). Big and Little Bayou 
Creek waters are sampled continuously, and grab 
samples are collected at five locations in the Ohio 
River and at the mouth of the combined Bayou 
Creeks. In addition, gamma radiation readings 
are taken each month at each of the air sampling 
stations with a Geiger-Mueller type meter at a 
distance of 3 feet above ground level. 


Basic standards 


The radiation protection standards observed 
at the Paducah Plant for exposure to radiation 
and radioactive materials, both for the in-plant 
work environment of employees and for offsite 
exposure of the general population, are those con- 
tained in Appendix 0524 of the AEC manual. 

The standards specify that the radiation or 
radioactive materials outside a controlled area, 
and which have resulted from operations within 
that controlled area, shall be such that is it im- 
probable that any individual may receive a dose of 
external radiation greater than 0.5 rem in any 
year and that the average exposure of a suitable 
population sample may not exceed one-third of 
this dose. To meet this standard, the average 
concentration of radionuclides in air or water 
beyond a controlled area should not exceed one- 
tenth of the maximum permitted for occupational 
exposure of 168 hours per week. For the purposes 
of such control, the concentrations of such radio- 
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Figure 2. 


Sampling locations, Paducah Gaseous Diffusion Plant 


Radiological Health Data and Reports 





nuclides in air or water may be averaged over 
periods of time up to 1 year. 


Discussion 


Data summarizing the environmental con- 
centrations of radioactive materials in air and 
water and the gamma radiation levels in the 
vicinity of the Paducah Gaseous Diffusion Plant 
are presented in tables 5 through 9. 


Table 5. Uranium concentrations in outdoor air 
samples, Paducah Plant, July-December 1969 

Uranium oon a radioactivity' 

Number (pCi/m*) 
Sample locations* of : 

samples 


Maximum | Minimume | Mean® 


At owt perimeter fence: 
Nort a ‘ 26 ° <0.02 
East_ 5 a oa 26 . .02 
South... __- ian : 26 ‘ -02 
a ee 26 F .02 


All locations_ 


About 1 mile outside plant 
perimeter fence: 
North_ 
East_- 
South - __- 
West ___ 
Southeast 





All locations 














® See figure 2 
> As de ‘ined. in NBS Handbook 69, paragraph 3.2, a microcurie of re- 
cently extracted normal uranium corresponds to 7.57 X 104 alpha dis/sec. 
fhe minimum detectable concentration of uranium in air is 0.02 
pCi/m’, 
4 The AEC standard for natural uranium in air released to the environs 
beyond a controlled area is 2 pCi/m*. 


Table 6. Beta radioactivity in outdoor air samples 


Paducah Plant, July-December 1969 





: Beta radioactivity 
Number (pCi/m*) 
Sample locations*® of 


samples 


| 
Maximum | Minimum» 


At plant perimeter fence: 
North 
East... 
South_- 
West 


All locations 


About 1 mile outside 
pant» perimeter fence: 
North_ ‘ 
East_- 
South __- 
West 
Southeast 


All locations 














a See figure 2. 
> The minimum detectable amount of beta-particle emitters in air is 
0. 1 Ci/m. 
1e AEC standard, applicable to this table is 1 X 108 pCi/m, which is 
the concentration limit of thorium-234, the daughter product of uranium 
238. Insignificant amounts of other daughte rs are present in freshly refined 
uranium. 


September 1970 


Air samples were collected continuously at each 
of the four stations at the plant perimeter fence 
and at five stations about 1 mile outside the plant. 
Air is filtered at 0.3 cfm through 2-inch diameter 
membrane filters which are replaced weekly and 
counted for alpha and beta radioactivity. 


Table 7. Concentrations of uranium in water, Paducah 
Plant, July-December 1969 


| 


Uranium? 

Number | (pCi/liter) 

Sample locations of | 
samples | | 

Minimume Mean# 


Little Bayou 17 26 | 420 
Big Bayou 26 1 
Mouth of Bayou 3 

Creeks 21 
Ohio River 9 
Composite of 50, 51, 


52 and 53 


Maximum 


a See figure 2. 
» As defined in NBS Handbook 69, paragraph 3.2, a microcurie of re- 
cently extracted normal uranium corresponds to 7.57 5 10° alpha dis/sec. 
> minimum detectable. concentration of uranium in water is 1 


AEC standard for natural uranium in air released to the environs 
beyond a controlled area is 2 pCi/m*, 


Table 8. Concentration of beta-particle emitters in 
water, Padue ah Plant, July-Dee e ember 1969 


Beta-particle emitters 
Number | (pCi/liter) 
Sample locations® | of ee 
| samples 
| 


i l 
Maximum| Minimem"/ Mean 


| 
Little Bayou 17- 
Big Bayou 3-.- 


Mouth of Bayou Creeks 
21. 


38,000 | 
100 | <100 | <100 
| 


<100 | 2,100 


<100 | <100 | <100 





Composite of 50, 51, 


=I 

| 
Ohio River 9__ >-| , <100 | <100 <100 
and 53 | 


<100 <100 <100 


"See figure 2. 
The minmum detectable amount of beta-particle emitters in water is 

100 ~ i/liter. 

¢ The AEC standard for the immediate daughter products of uranium in 
water released to the environs is 2 X 104 pCi/liter. An increase in beta radio- 
activity in water, occurring during February and March 1969, was deter- 
mined to be due to technetium—-99 from the recovery operation of cylinder- 
wash solutions. The AEC standard for technetium-99 in water beyond a 
controlled area is 2105 pCi/liter. 


The average alpha-particle count—interpreted 
as uranium, the most likely source of radio- 
activity —of the 104 and the 130 air samples col- 
lected during the first half of 1969 at the perimeter 
fence and 1 mile, respectively, were 1.0 percent 
and 0.5 percent for the July-December period 
and for the year 1969 were 1 percent and 0.5 
percent of the AEC standard set for individuals 
residing in the vicinity of a controlled area. The 
average beta-particle count of these samples 
was 0.06 of the standard at the perimeter fence 
and 0.02 percent of the standard at 1 mile. 





Table 9. External gamma radiation levels 
Paducah, July-December 1969 
Gamma 


radiation 
(mR/h) 


. Number 
Sample location® of 
readings 


At plant perimeter fence: 
h 


North_------ e 
= 
South_ 

West__- 


All locations _ 


About 1 mile outside plant perimeter 
fence: 
North__-- 
=e 
South 
Weat.... 
Southeast___- 








All locations 


® See figure 2. 


The average uranium analyses of weekly water 
samples collected continuously from Big and 
Little Bayou Creeks were 0.02 and 0.41 percent, 
respectively, of the AEC standard for water beyond 
a controlled area, during the second half of 1969; 
they were 0.03 and 0.33 percent, respectively, 
for the year 1969. The average of 11 grab 
samples taken in the mouth of the combined 
Bayou Creeks for the year of 1969 was less 
than 0.01 percent of the AEC standard, the iden- 
tical figure for the mean analysis for the July— 
December period. The results of the uranium 
analyses for each of 11 grab samples collected at 


monthly intervals from the Ohio River below the 
plant was less than 0.01 percent of the AEC 
standard. 

The concentration of beta-particle emitters 
in the Big and Little Bayou Creeks averaged less 
than 5 percent and 11 percent, respectively, of 
the AEC standard for the decay products of 
uranium-238 during July-December 1969 and 
less than 5 percent and 20 percent, respectively, 
for 1969. At the mouth of the combined Bayou 
Creeks, this average was less than 0.5 percent. 
The beta radioactivity of the Ohio River was 
below the standard during July-December 1969 
and for the year averaged less than 0.5 percent 
of the standard for uranium-—238 decay products. 

External gamma radiation in the vicinity of 
the Paducah Plant averaged 0.02 mR/h at all 
sampling stations for July-December 1969, ex- 
cept for the east plant perimeter station, which 
had an average of 0.05 mR /h. 


Recent coverage in Radiological Health Data and Reports: 


Period 


July-December 1968 
January-June 1969 


Issue 


July 1969 
April 1970 
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Reported Nuclear Detonations, August 1970 


(Includes seismic signals from foreign test areas) 


There were no nuclear detonations or seismic signals repored by the U. S. Atomic Energy Com- 
mission for August 1970. 


September 1970 
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Nuclear Power Plants in the United States 


Figure 1. 


3LIS 


NUCLEAR POWER PLANTS IN THE UNITED STATES 


The nuclear power plants included in this map are ones whose power is 
being transmitted or is scheduled to be transmitted over utility electric 
power grids and for which reactor suppliers have been selected 





NUCLEAR PLANT CAPACITY 
(KILOWATTS) LEGEND 

OPERABLE 5,073,700 — 
BEING BUILT 43,756,900 pte A ; a ¢ 
PLANNED pone i aaa *PLANNED (Reactors Ordered) @ (35) sesasieliiald 
TOTAL 89,010,600 *8 more plants have been announced for which 


ELECTRIC UTILITY CAPACITY BY CONVENTIONAL MEANS reactors have not yet been ordered. , , 
AS OF APRIL 30, 1970: 313,854,808 KILOWATTS ¥ U.S.Atomic Energy Commission 
June 30, 1970 











Figure 1. Nuclear Power Plants in the United States—Continued 


September 1970 

















SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished below 
in reference card format for the convenience of readers who may wish to clip 
them for their files. 


TRITIUM IN STREAMS IN THE UNITED STATES, 1961-1968. T. A. 
Wyerman, R. K. Farmsworth, and G. L. Stewart. Radiological Health Data and 
Reports, Vol. 11, September 1970, pp. 421-439. 


As part of its program of water resources investigations, the U.S. Geological 
Survey. has been analyzing the tritium content of stream water since the early 
1960’s. The results of this sampling program for 20 streams in the conterminous 
United States and Alaska are tabulated along with relevant stream discharge 
data. The data show the effect on stream tritium concentration caused prin- 
cipally by thermonuclear detonations, and also seasonal, latitudinal, and 
continental effects. 


KEYWORDS: Continental United States, stream discharge, tritium, water 


NATURAL ENVIRONMENTAL RADIOACTIVITY IN SOUTH 
FLORIDA SANDS AND SOILS, FEBRUARY-JUNE 1968. Douglas H. 
Keefer and Maxwell Dauer. Radiological Health Data and Reports, Vol. 11, 
September 1970, pp. 441-448. 


An investigation of the naturally occurring gamma-emitting radionuclides 
present in selected sands and soils of south Florida was conducted. Although 
the primary interest was in the natural environmental radioactivity from ura- 
nium-238, radium-226, thorium-232, and potassium-49, the concentrations 
of five fission products were also determined to minimize the error in computing 
the concentrations of the four naturally occurring radionuclides. The deter- 
mination of these nine radionuclides in 45 environmental samples was per- 
formed by the linear least-squares method of analysis utilizing a computer. 


KEYWORDS: Florida, potassium-40, radium-226, sands, soils, thorium-232, 
uranium-238 
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GUIDE FOR AUTHORS 


The editorial staff invites reports and technical notes 
containing information related to radiological health. 
Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 
is responsible for all statements made in his work. 


Manuscripts are received with the understanding that 
other identical manuscripts are not under simultaneous 
consideration nor have appeared in any other publica- 
tion. 


The mission of Radiological Health Data and Reports 
is stated on the title page. It is suggested that authors 
read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
margins. 


Submitted manuscripts should be sent to Editor, Radi- 
ological Health Data and Reports, Bureau of Radiolog- 
ical Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 


The Government Printing Office style manual is used 
as a general guide in the preparation of all copy for 
Radiological Health Data and Reports. In addition, 
Radiological Health Data and Reports has developed a 
“Guide” regarding manuscript preparation which is 
available upon request. However, for most instances, 
past issues of Radiological Health Data and Reports 
would serve as a suitable guide in preparing manuscripts. 

Titles, authors: Titles should be concise and informa- 
tive enough to facilitate indexing. Names of authors 
should appear on the third line below the manuscript 
title. Affiliation of each author should be given by a 
brief footnote including titles, professional connections 


at the time of writing, present affiliation if different, 
and present address. 





Abstracts: Manuscripts should include a 100- to 150- 


word abstract which is a factual (not descriptive) sum- 
mary of the work. It should clearly and concisely 
state the purpose of the investigation, methods, results 
and conclusions. Findings that can be stated clearly 
and simply should be given rather than to state that 
results were obtained. 


A list of suggested keywords (descriptors) which are 
appropriate indexing terms should be given following 
the abstract. 


Introductory paragraph: The purpose of the investi- 


gation should be stated as early as possible in the 
introductory paragraph. 





Methods: For analytical, statistical, and theoretical 


methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 


Illustrations: Glossy photographic prints or original 
illustrations suitable for reproduction which help en- 
hance the understanding of the text should be included 
with the manuscript. Graphic materials should be of 
sufficient size so that lettering will be legible after 
reduction to printed page size (84 by 6% inches). 


All illustrations should be numbered and each legend 
should be typed double-spaced on a separate sheet of 
paper. Legends should be brief and understandable 
without reference to text. The following information 
should be typed on a gummed label or adhesive strip 
and affixed to the back of each illustration: figure 
number, legend, and title of manuscript or name of 
senior author. 


Tables: Tables should be self-explanatory and should 


supplement, not duplicate, the text. Each table should 
be typed on a separate sheet, double-spaced. All tables 
must be numbered consecutively beginning with 1, and 
each must have a title. 


Equations: All equations must be typewritten, prefer- 


ably containing symbols which are defined immediately 
below the equation. The definition of symbols should 
include the units of each term. Special symbols, such 
as Greek letters, may be printed carefully in the proper 
size, and exponents and subscripts should be clearly 
positioned. Mathematical notations should be simple, 
avoiding when feasible such complexities as fractions 
with fractions, subscripts with subscripts, etc. 


Symbols and units: The use of internationally ac- 


cepted units of measurements is preferred. A brief 
list of symbols and units commonly used in Radiological 
Health Data and Reports is given on the inside front 
cover of every issue and examples of most other matters 
of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
left of elements in long series or formulas, e.g., 137Cs; 
however, elements are spelled out in text and tables, 
with isotopes of the elements having a hyphen between 
element name and mass number; ¢.g., strontium—90. 


References: References should be typed on a sepa- 
rate sheet of paper. 





Personal communications and unpublished data 
should not be included in the list of references. The 
following minimum data for each reference should be 
typed double-spaced: names of all authors in caps, 
complete title of article cited, name of journal abbrevi- 
ated according to Index Medicus, volume number, first 
and last page numbers, month or week of issue, and 
year of publication. They should be arranged according 
to the order in which they are cited in the text, and not 
alphabetically. All references must be numbered con- 
secutively. 


Reprints 
Contributors are ordinarily provided with 50 courtesy 
copies of the articles in the form of reprints. In cases 


of multiple authorship, additional copies will be pro- 
vided for coauthors upon request. 
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